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Preface to the second edition 


Interest in what is now recognized as the pervasive developmental disorders can 
be traced to the middle of the nineteenth century with the first descriptions of 
childhood “psychosis” (Volkmar, 1996). This interest stemmed from an increasing 
awareness of the importance of the factors of both experience and endowment 
in child development. Early descriptions of childhood "insanity” were followed 
by descriptions of childhood schizophrenia (DeSanctis, 1906). The latter term 
became synonymous with all forms of severe mental disorder in children. The 
particular genius of Leo Kanner was reflected in his description in 1943 of the 
syndrome of infantile autism, which he initially believed to be quite different 
ffom the forms of childhood “psychosis” then recognized. In the subsequent six 
decades autism has been the focus of considerable interest from clinicians and 
researchers alike so that, for example, a large body ofworkboth on research and 
intervention is now available (Volkmar et al, 2005). 

Autism has been the focus of a very substantial body of work. While major 
advances have been made in both treatment (NRC, 2001) and research (Volkmar 
et al, 2005) precise pathophysiological models have yet to be specified. In an 
attempt to specify such models essentially all the theories ofpsychology and neu- 
robiology have been utilized. While specification of such mechanisms remains 
an important, if as yet unrealized, goal considerable accomplishments have been 
made. 

A substantial body of research has established the validity of autism as a 
diagnostic concept, e.g. on the basis of its characteristic clinicai features and 
course. The neurobiological basis of the disorder has been established and better 
and more effective treatment methods have been developed. Recent attention 
has focused on genetic mechanisms in autism as well as on the spectrum of 
conditions that share some similarities with autism and which are now included 
in the category of pervasive developmental disorder. Some of these conditions, 
such as Aspergehs and Rett's syndromes, were proposed after Kanner s classic 
description of autism whereas others, notably childhood disintegrative disorder, 
were proposed many years before KanneTs work. 

This book reflects the considerable progress that has been made in recent 
years in our understanding of autism and related conditions. In this second 
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edition the contributors have summarized current knowledge in various areas. 
The contributors represent various disciplines and provide truly international 
perspectives on current research in autism and related conditions. 

The first chapter provides an overview of current approaches to diagnosis 
and definition of autism and related conditions. Catherine Lord and I review the 
development of diagnostic concepts and the rationale for the definitions presently 
employed in both ICD-10 (1993) and DSM-IV (1994). While these definitions 
have retained an importantly historical continuity with earlier ones they also 
reflect advances in knowledge and are based on a large body of empirical data 
(Volkmar et al ., 1994). More importantly the international (ICD-10) and American 
(DSM-IV) depictions are now conceptually convergent. 

Advances in diagnosis have improved methods of case detection and are 
reflected in the results of more recent epidemiological studies. Such research 
tells us about the prevalence of these disorders and helps in planning for Service 
delivery. Eric Fombonne provides a helpful summary of present knowledge in 
this area. As he notes, an even larger group of children has impairments in social 
interaction, and the characterization of their difficulties remains an important 
area for future research. 

Studies of the cognitive and neurocognitive development of individuais with 
autism have made it clear that it is necessary to study individuais carefully with 
different leveis of cognitive ability using various approaches. Margot Prior and 
Sally Ozonoff have summarized the literature on this topic with a particular 
emphasis on those findings most specific to autism. Their chapter is a masterful 
summary of a large and diverse literature and outlines areas of work that are of 
particular interest, e.g. in executive functioning. 

Children and adolescents with autism and related conditions exhibit major 
difficulties in the area of communication. In this second edition we are pleased 
to have Rhea Paul provide a chapter summarizing what is known both about the 
fundamental difficulties in this area as well as techniques for intervention. Her 
chapter addresses an important gap in coverage and will be of great interest to 
all readers. 

The importance of genetic factors in the pathogenesis of autism was rela- 
tively underappreciated until quite recently. Somewhat paradoxically the field 
has gone from a situation in which it was believed that genetic factors had little 
importance for syndrome pathogenesis to the present situation where it appears 
that such factors have major importance and where specific genetic mecha- 
nisms may indeed be identified in the relatively near future. Peter Szatmari and 
Marshall Jones' chapter reviews this work and notes the major changes in our 
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understanding of genetic factors in recent years. As he observes, the issue today 
is not whether autism has a genetic basis but what that basis is. 

The relevance of neurobiological factors in the pathogenesis of autism has 
undergone a similar transformation. At the time of his original description 
Kanner (1943) minimized the importance of such factors. Now it appears that 
such factors may be present in 10% or more of cases (Rutter et al, 1994). While 
the nature of such associations has been debated (Gillberg and Coleman, 1996) 
these do suggest important areas for research in underlying pathophysiological 
mechanisms. Fritz Poutska provides a criticai summary of this work and notes 
areas in which knowledge is still lacking. 

Given the severity of autism and associated conditions it is probably not 
surprising that essentially every conceivable intervention has been attempted. 
Christopher McDougle and colleagues provide a current review of pharmaco- 
logical treatments. As noted in their chapter recent work suggests important 
potential benefits of drug treatments in selected cases as one aspect of a total 
program of intervention. 

Over the past 5 0 years a considerable body of data has established the centrality 
ofintensive, structured, educational intervention as the bedrock of intervention 
in autism. This workhas its origins both inbehavioralpsychology and special edu- 
cation. As Sandra Harris notes progress continues to be made in behavioral and 
educational interventions that have improved the outcome of autism and related 
conditions. Patrícia Howlin summarizes these changes in her review of outcome 
studies. The child with autism or a related condition presents major challenges 
for parents, siblings, and other family members. However, the improvement in 
outcome is a major accomplishment of the past 50 years of clinicai work and 
reflects the substantial gains in implementation of remediai programs. 

In the final chapter Lynn Waterhouse, Deborah Fein and Emily Nicholas 
address the nature of the fundamental social disturbance which characterizes 
autism. The centrality of social déficits in the definition of this, and related con¬ 
ditions, has repeatedly been emphasized in depictions of the disorder beginning 
with Kannehs initial description. Despite this we continue to have a rather lim- 
ited understanding of the nature of social déficits in syndrome pathogenesis. The 
authors provide an interesting synthesis of work in this area. 

This book provides a summary of what is known as well as what remains 
poorly understood. While researchers and clinicians have learned much over the 
past five decades of work on autism we continue to have little understanding of 
the nature of the autistic social dysfunction nor, for that matter, of its underly¬ 
ing neurobiological basis. There are, however, reasons to be hopeful. Advances 
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in treatment (both behavioral and pharmacological) have led to improved out- 
comes. Current work underscores the possibility that at least some form or 
forms of autism may have a strong genetic component and it is possible that 
some genetic mechanism may be described in the relatively near future; such a 
finding wiU advance research in other areas as well, as we begin to understand 
pathogenic mechanisms more fully The chapters in this book are a testament to 
the advances that have been made as well as to the continuing need for research 
and treatment of these perplexing conditions. 

I am grateful to all the chapter authors for their contributions to this volume. 
In addition I wish to thank the series editor, Professor Goodyer, as well as Pauline 
Graham and the staff of Cambridge University Press for their help and support. 
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Diagnosis and definition of 
autism and other pervasive 
developmental disorders 

Fred R. Volkmar 

Child Study Center, Yale University 

Catherine Lord 

Department of Psychology, Psychiatry and Pediatrics, University of Michigan 

Introduction 

Autism and other pervasive developmental disorders (PDDs) are a phenomeno- 
logically related set of neuropsychiatric disorders. These conditions are charac- 
terized by patterns of both delay and deviance in multiple areas of development; 
typically their onset is in the first months of life (APA, 1994; Volkmar & Klin, 
2005). Although often associated with some degree of mental retardation, the 
pattern of developmental and behavioral features differs from that seen in chil- 
dren with mental retardation not associated with PDD in that certain sectors of 
development, such as social interaction and communication, are most severely 
affected whereas other areas, such as nonverbal cognitive abilities, may be within 
normal limits. While the validity of autism has been relatively well established, 
issues of syndrome boundaries remain the topic of some debate (Bailey et aí, 
1996). In this chapter, the development of autism as a diagnostic concept, cur- 
rent definitions of the condition and of related diagnostic concepts, and their 
differentiation from other disorders will be reviewed. 


Development of diagnostic concepts 

Over the past 150 years, a major point of controversy has been the continu- 
ity, or discontinuity, of the severe psychiatric disorders of childhood with the 
adult psychoses. For example, the great British psychiatrist Maudsley suggested 
that children, like adults, could exhibit "insanity” (1867). Similarly Kraepelin s 
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concept of dementia praecox, or what we would now term schizophrenia, was 
extended to children (dementia praecocissima) (DeSanctis, 1906). While some 
investigators like Potter (1933) urged the use of more stringent definitions for 
childhood schizophrenia, there was a general assumption of a fundamental con- 
tinuity of child and adult "psychosis.” The presumption of continuity was based 
largely on the severity of these conditions with rather litde appreciation of the 
importance of developmental factors in children’s understanding of reality These 
issues contributed to the confusion and controversy that surrounded Kanner’s 
initial (1943) description of the autistic syndrome. 

Kanneds description of autism 

Kanner’s description of 11 children with "autistic disturbances of affective con- 
tact” was atheoretical and quite lucid; present definitions of the autistic syndrome 
remain profoundly influenced by it. Kanner reported that his patients exhibited 
a disorder characterized by a profound lack of social engagement starting ff om, 
or shortly after, their birth; as they reached toddlerhood they also exhibited 
a range of communication problems and unusual responses to the inanimate 
environment. These children might, for example, not be particularly respon- 
sive to the comings and goings of their parents but be exquisitely sensitive to 
a small change in the inanimate environment or routine, such as a kitchen 
cupboard left open. Three of the 11 children were mute, but the language of 
those who did speak was remarkable for echolalia, literalness, and pronoun 
reversal. 

Although not cooperative with formal psychometric assessment, these chil¬ 
dren could sometimes be engaged on certain subtests of cognitive or develop¬ 
mental tests and seemed to do well. Because of this, and because of their usually 
attractive appearance, Kanner speculated that they probably had good intellec- 
tual potential. In his original report, he suggested that the disorder was different 
from other psychiatric conditions and not associated with specific medicai condi¬ 
tions. Kanner also mentioned that in many instances, parents, usually the fathers, 
were remarkably successful and that interactions with the child often seemed 
strange or odd; on the other hand, his emphasis on the apparently congenital 
nature of the problem made it difficult to attribute the disorder exclusively to 
parent-child disturbance. 

In Kanner’s view, the essential feature of autism was the children’s inability to 
relate. He put this observation within a developmental context citing the work 
of Gessei on early social development. The use of Bleuler’s (1911/1950) term 
"autism” for the idiosyncratic, self-centered thinking observed in schizophrenia 
was intended by Kanner to suggest the notion of the child’s living in his or her 
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own world. However, his use of this word and certain aspects of his original 
report, when interpreted literally, proved to be false leads. 

Early studies and false leads for research 

Kanner’s use of the term "autism” immediately suggested schizophrenia; this 
was consistent with the very broad and inclusive views of schizophrenia which 
then were dominant. Many clinicians and researchers did not question longstand- 
ing assumptions about severe psychiatric disturbance in children. Unfortunately 
this meant that there was considerable confusion about autism with some inves- 
tigators, e.g. Bender (1947), assuming continuity of "psychotic” conditions in 
younger children with more typical adult forms of schizophrenia. As this has 
proved not to be the case, it makes it diffkult to interpret much of the early 
work on autism. The issue of continuity of autism and schizophrenia was only 
resolved in the 1970s as the work of Rutter (1970) and Kolvin (1971) suggested 
important differences between the conditions, e.g. in course, family history, and 
clinicai features. 

As cases of autism were followed for a decade it became apparent that Kannebs 
original assumption that autism was not associated with any medicai condition 
was also not correct. Many children with autism exhibit signs of overt central 
nervous system dysfunction including, most strikingly, seizures. As many as 25% 
of cases developed epilepsy, particularly during adolescence (Volkmar & Nelson, 
1990). Other signs of neurological dysfunction were also often observed. Some 
reports associated autism with diverse medicai conditions including chromoso- 
mal abnormalities, prenatal infections, various brain abnormalities, and so on. 
When taken together with the data on neurological dysfunction, these find- 
ings seemed to suggest the importance of multiple potential insults which acted 
through one or more mechanisms to cause autism (Rutter et al, 1994). 

Similarly, Kannebs assumption that children with autism had normal intellec- 
tual potentials proved mistaken. This notion was based on the accurate observa- 
tion that “splinter skills” were present in some children with autism and that the 
occasional individual with autism had truly unusual (and usually very isolated) 
abilities in one area (Hermelin, 2001). It took over two decades before clinicians 
and investigators realized that, if all aspects of a test of intelligence were admin- 
istered, many children with autism scored in the mentally retarded range in 
terms of overall IQ. For many years, low IQ scores were mistakenly attributed 
to willful noncompliance. In any case, the notion of preserved intellectual skills 
in individuais with autism, who have otherwise very limited abilities, endures to 
the present and is the basis for unproven and sometimes íf audulent treatment. 
Conversely, recent epidemiological studies have indicated that a much higher 
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proportion of children with autism are not mentally retarded than occurred in 
autism samples 30 to 40 years ago (Fombonne, 2005). 

Perhaps, most unfortunately, KannerYs observation ofhigh leveis of parental 
achievement and unusual parent-child interactions led some clinicians to 
attribute the source of autism to problems in the parent-child relationship or 
déficits in child care, e.g. Bettelheim (1967). This view was congruent with the 
ethos of the time which tended to minimize the importance of biological fac- 
tors in psychiatric conditions. The ideas seemed superficially consistent with the 
nature of the disorder, i.e. should it not be the case that a problem characterized 
by déficits in social interaction is caused by deficiencies in social interaction? 
However, as controlled studies were conducted, it became clear that the parents 
of children with autism did not exhibit high degrees of psychopathology (Cox 
et al, 1975) nor specific déficits in infant caregiving (Cantwell et al, 1978). A 
growing appreciation of the role of the child in parent-child interactions also sug- 
gested that it was just as reasonable to assume that deviance in such interaction 
might sometimes be a function of a basic disturbance in the child rather than 
in the parent, i.e. interactions with a child who produces highly deviant social 
behaviors will differ from interactions with children who do not have this dis- 
ability. Similarly, the idea that parents of autistic children tended to have much 
higher leveis of occupational and educational achievement proved mistaken. 
Studies that controlled for possible bias in case detection and referral (Schopler 
et al ., 1980a; Wing, 1980) have suggested that autism is seen in all social classes. It 
seems likely that the high leveis of education in parents of Kannebs original cases 
resulted ff om an understandable referral bias, i.e. that the parents who were able 
to locate Kanner were those who had access to a greater array of resources. It 
must, however, be noted that good, recent epidemiological data on this issue 
have been lacking (Rutter, 2005). The lack of studies on potential cultural and 
ethnic differences is also noteworthy (Brown & Rogers, 2003). 

"Nonautistic" pervasive developmental disorders 

As noted above, the issue of continuity of adult and child forms of schizophrenia 
was, until quite recently, a major source of confusion. But over the past century, 
various diagnostic concepts other than autism have been proposed for patterns 
of disturbance in children with severe developmental disorders. Three of these 
conditions are now ofhcially recognized in both DSM-IV and ICD-10. 

Childhood disintegrative disorder 

Heller (1908, 1930/1969) proposed the term "dementia infantilis,” or what 
now would be termed childhood disintegrative disorder (CDD), to account 
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for children who develop normally for some period prior to profound develop- 
mental regression and the development of many "autistic-like” features. This 
condition (also sometimes referred to as Hellebs syndrome or disintegrative 
psychosis), appears to be very uncommon; over 100 cases have been reported 
since Hellebs original (1908) report (see Volkmar et al, 2005). It is, however, 
likely that cases have frequently been misdiagnosed (Volkmar & Klin, 2005). 

Childhood disintegrative disorder is now included in both DSM-IV and ICD- 
10 (see Appendix l.A, pp. 21-25). The condition is difificult to distinguish from 
autism once it develops. However, the pattern of onset - including a dramatic 
developmental deterioration and onset of various "autistic-like” behaviors in a 
previously apparently normal child - is very highly distinctive. The outcome 
appears to be worse than that in autism (Volkmar, 1992). The presumption in 
DSM-III and III-R had been that such cases typically resulted from the presence of 
a significant neuropathological process, e.g. a childhood "dementia”; however, 
a review of the published cases suggests that this is not the case. There is an 
increased rate of EEG abnormalities and seizure disorders similar to that in 
autism, but specific medicai conditions that might account for the regression are 
not usually identified. The relationship, if any, of this condition and "late-onset” 
or "regressive” autism (see below) merits further study (Siperstein and Volkmar, 
2004; Volkmar & Klin, 2005). 

Asperger’s disorder 

In 1944, Hans Asperger, a Viennese medicai student unaware of Kanneks earlier 
report, suggested the concept of autistic psychopathy or what is now usually 
termed Asperger s disorder. Aspergehs description resembled that of Kanner 
(1943) in some ways, e.g. in the use of the word autism/autistic to describe 
marked problems in social interaction. However, Asperger suggested that the 
condition he described was seen only in males, was observed in the face of rela- 
tively strong language and cognitive skills, and tended to run in families. Unusual, 
idiosyncratic interests were common, e.g. affected children would have marked 
interests in acquiring certain kinds of knowledge. Early research on the condi¬ 
tion was largely confined to non-English speaking Europe until Wing's (1981) 
influential literature review and case series. Subsequent workhas yielded some- 
what contradictory results (e.g. Pomeroy, 1991; Szatmari et al, 1990; Tantam, 
1991); however, this may be a function of the absence, until recently, of gen- 
erally recognized definitions. While the continuity of Asperger s disorder with 
autism remains the topic of debate (Klin et al, 1995; Schopler, 1985) the con¬ 
dition has now been included in DSM-IV and ICD-10 (see Appendix l.A, 
p. 21). 
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The overlap of Aspergehs disorder with other diagnostic concepts remains an 
important topic for research (see Klin et al, 2005). One set of issues has to do 
with the validity of the diagnostic concept as different from "higher functioning 
autism.” Available data on this question remain somewhat contradictory, again 
reflecting, at least inpart, the inconsistencies in approaches to diagnosis (see Klin 
etal., 2005). Careful readingofthe original reports by Kanner (1943) and Asperger 
(1944; reprinted 1991) as well as a recent review of Aspergehs subsequent cases 
(Hippler & Klicpera, 2003) suggest several possible points of differentiation. 
Kanner suggested that in autism the condition was congenital; Asperger thought 
that the syndrome he identified came to attention only after age 3 or 4 years. In 
Aspergehs disorder language skills are usually an area of strength. In contrast, 
even in higher-functioning individuais with autism, verbal skills tend not to be 
advanced over nonverbal ones. Several studies have suggested that different IQ 
profiles characterize the two conditions. Aspergehs disorder is associated with 
higher, often much higher, verbal IQ whereas in autism verbal IQ is either lower 
or roughly on a par with nonverbal IQ (Klin & Shepard, 1994; Volkmar et al, 
1994). Asperger s disorder may also be associated with a characteristic profile on 
neuropsychological testing referred to as a nonverbal learning disability (Rourke, 
1989; Klin & Shepard, 1994). However, the mostcommonfmdingincomparisons 
of autism and Aspergehs disorder is that whatever feature is used to distinguish 
the two groups during ascertainment (e.g. severity of autistic characteristics, age 
of onset, strength of language skills, déficits in visuospatial and motor skills) 
continues to diíferentiate them. In the long run, the question will be whether 
it is scientifically or clinically helpful to classiíy individuais with these patterns 
into separate categories of autism and Asperger s disorder or whether it would 
be better to treat them as part of a greater continuum. 

A major series of questions stems from a more complex issue - the broader 
phenotype of autism (Le Couteur et al, 1996; Pickles et al, 2000). Somewhat 
paradoxically, the achievement of a consensus on a rigorous definition of autism 
has led to an awareness of a broader range of difficulties in social interaction, com- 
munication, and behavior that affect relatives (see Rutter, 2005 and Chapter 5). 
As awareness of autism has grown so has awareness of the “broader spectrum” 
and the large group of individuais with social difficulties. There has been, on the 
part of the public and media, a tendency to equate such difficulties with “mild” 
autism and Asperger s disorder; this, and the awareness of the large number of 
individuais with some social oddity has tended to blur the boundaries between 
clinicai disorders and eccentricity and oddity within the broad range of normal. 

It is clear that, compared to work on autism, there has been much less research 
on the problems of individuais with social difficulties that are more broadly 
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defined. In addition, other diagnostic concepts, derived ffom diverse disciplines, 
have been developed; thus, terms like semantic-pragmaticlanguage impairment 
(Bishop & Norbury, 2002), attention déficit disorder plus PDD (Hellgren et al, 
1994), right hemisphere learning problems (Weintraub & Mesulam, 1983), and 
schizoid disorder (Wolff, 2000) have called attention to specific features that 
overlap with those of PDDs. The specificity of all of these disorders is unclear. 
An increased understanding of the relationship of Asperger s disorder to all these 
conditions and the broader phenotype of autism remains an important area of 
study. 

Retths disorder 

Rett (1966) reported an unusual syndrome, observed only in girls where a 
very brief period (months) of normal development is followed by deceler- 
ated head growth, loss of purposeful hand movements, and the development 
of severe psychomotor retardation. Characteristic symptoms such as breath- 
holding spells, air-swallowing, and mid-line hand-wringing or hand-washing 
stereotypies develop andlanguage skillsbecome severely impaired. Bypreschool, 
motor involvement is very significant; an apparent loss of social skills is most 
evident during this period although social interest will subsequently increase. 

Rett's syndrome differs from autism in important ways (van Acker et al ., 2005); 
however, because of the regression, repetitive behaviors, and decrease in social 
interest, there is the possibility for confusion, particularly during the preschool 
years. Usually, however, the diagnosis is relatively straightforward (see Hagberg 
et al, 1983). The condition was included within the PDD group in both ICD-10 
and DSM-IV because of the potential for confusion and a concern that it should 
be listed somewhere in the manuais (Rutter, 1994). Given its distinctive pattern 
there was also a strong sense that a specific etiology might be found. 

The condition is relatively rare, affecting perhaps 1 in 15 000 to 1 in 22 000 
females (Fombonne, 2005); the condition almost exclusively occurs in females. 
A role for genetic factors was suggested by recurrence in family members and 
in monozygotic twins. The recent identification of methyl CpG binding protein 
2 as the cause of a majority of cases of classic Rett's syndrome (Amir et al, 1999) 
may turn out to provide important clues and promising approaches to genetic 
studies of other conditions such as CDD (Volkmar et al, 2005). 

Pervasive developmental disorder not otherwise specified: atypical autism 

The term pervasive developmental disorder not otherwise specified (PDD-NOS) 
(also referred to as atypical personality development, atypical PDD, or atypi¬ 
cal autism) was included in DSM-IV to encompass "subthreshold” cases. It is 
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intended to describe individuais who have a marked impairment of social inter- 
action and communication difficulties, and/or stereotyped behavior patterns 
or interests suggestive of a PDD but who do not meet criteria for any of the 
formally defined disorders in that class. ICD-10 (see Appendix l.A, pp. 21-24) 
adopts a somewhat different approach in that the term can be used when a case 
meets behavioral criteria for autism but fails the onset criteria, or when the onset 
criteria are met but the behavioral criteria are not, or when individuais appear to 
have an "autistic-like” illness but meet neither the onset nor behavioral criteria. It 
seems likely that many possible subtypes are encompassed within this category 
(Towbin, 2005). Szatmari and colleagues (Mahoney et al, 1998) and other inves- 
tigators have suggested that this term is used for individuais who meet social 
and communication criteria for autism but do not have repetitive behaviors or 
interests. If this distinction is stable across development, it helps increase the 
homogeneity of a group of individuais with autism spectrum disorder (ASD). 
Although introduced to encompass "subthreshold’ cases in ofhcial classifications, 
the concept also has its origins in earlier notions, e.g. Rank’s concept of atypical 
personality development (Rank, 1949). 

The limited available evidence suggest that children with PDD-NOS probably 
come to professional attention rather later than those with autism. This may 
reflect the fact that intellectual and language skills tend to be more preserved 
(Towbin, 2005). Some have argued that PDD-NOS and Aspergers disorder are 
synonymous terms. As with Aspergebs disorder, the validity of PDD-NOS as a 
separate disorder rather than as a "range” of behaviors will depend on its value 
in determining etiology or treatment. More research on continuities of all these 
conditions is needed. 


Approaches to the diagnosis of autism 

Definitions of autism subsequent to Kanner 

The controversy surrounding the nature of autism and the dearth of careful 
research studies impededprogress for many years. Starting in the 1970s, however, 
there was a growing appreciation that autism was indeed a distinctive condition, 
not simply the earliest manifestation of childhood schizophrenia. For example, 
Rutter (1970) also noted the ffequency of seizures and the considerable evidence 
for some degree of neurobiological involvement. In a classic series of clinicai 
studies, Kolvin (1971) demonstrated that autism and childhood schizophrenia 
differed in clinicai features, course, and family history. In addition, there was 
a growing tendency to de-emphasize the role of theory and establish reliable 
descriptions of the syndrome in research. As a result of these developments, 
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there were various efforts to develop guidelines for the diagnosis of autism which 
would facilitate research; this approach paralleled attempts in adult psychiatry 
to develop precise definitions of syndromes for research purposes, e.g. Spitzer 
Williams (1988). 

Of these early attempts to develop more precise categorical definitions, 
Ruttehs (1978) is undoubtedly the most important. This definition was fun- 
damentally grounded in Kanner’s early phenomenological description of the 
condition, but also recognized the importance of subsequent research. Rutter 
suggested that there were four features essential for the diagnosis of autism: 

(1) an onset prior to 30 months of age; 

(2) impaired social development of a distinctive type which did not simply reflect 
associated mental retardation; 

(3) impaired communicative development, which again was distinctive and not 
simply the result of an overall cognitive delay; 

(4) the presence of unusual behaviors subsumed under the concept of “insistence on 
sameness,” i.e. resistance to change, idiosyncratic responses to the environment, 
and so on. 

This definition particularly shaped the first official categorical definition of 
autism. 

The categorical definition of autism 

DSM-III 

In DSM-III (APA, 1980) autism was accorded diagnostic status for the first time. 
This inclusion reflected the body of work on autism which had accumulated 
over the previous decade. In DSM-III, the condition, termedinfantile autism, was 
included in a new class of disorders, the PDDs. Several other conditions, including 
a separate category for Childhood-onset pervasive developmental disorder, and 
another category, termed "residual” autism, were also included in this class. 
Although the term PDD was rather cumbersome, it achieved relatively wide 
acceptance. The DSM-III definition of infantile autism was much influenced 
by Ruttebs earlier work and emphasized the onset of serious disturbances in 
social and communicative development and unusual patterns of environmental 
responsiveness in early childhood. The recognition of autism in DSM-III was a 
major advance, as was the availability of an officially recognized definition of the 
condition. 

Unfortunately, the other categories proposed and some of the decisions made 
were less constructive. Partly in response to the early confusion about autism 
and schizophrenia, the two conditions were made mutually exclusive. While 
the available data suggested that the two conditions are not, in fact, commonly 
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associated, there is no reason why having autism would necessarily act to pro- 
tect a person from subsequently developing schizophrenia. A few such cases of 
individuais with autism who then also develop schizophrenia, have, in fact, been 
observed (Volkmar & Cohen, 1991). Similarly, the term "residual autism” was 
used in cases where the individuars disorder had once met criteria for infantile 
autism but no longer did so. In essence, this approach reflected the fact that 
the criteria proposed for infantile autism emphasized the way the condition pre- 
sented in early childhood, e.g. with more "pervasive” social déficits. The system 
did not adequately address the fact that older children and adults continued to 
exhibit autism which changed somewhat in its expression over the course of 
development. The term "residual” also had the unfortunate effect of suggesting 
that somehow children "outgrew” autism; this clearly is not usually the case 
(Howlin, 2005; Rumsey et ai, 1985). As aresult ofthese concerns, major changes 
were made in the definition of autism in DSM-III-R (APA, 1987). 

DSM-III-R 

In DSM-III-R, the term pervasive developmental disorders was retained to 
describe the overarching diagnostic class to which autism was assigned. The 
more problematic diagnostic concepts, e.g. Childhood-onset PDD and residual 
autism, were eliminated. The DSM-III-R definition was specifically designed to 
be more developmentally oriented and to be appropriate to the entire range of 
syndrome expression over both age and developmental levei. This was reflected 
in the new name "autistic disorder” rather than the DSM-III term "infantile 
autism.” DSM-III-R included more criteria and a polythetic definition. Because 
of various concerns, age of onset was not included as an essential diagnostic 
feature. Criteria in DSM-III-R were arranged developmentally and grouped in 
three broad categories relating to social development, communication and play, 
and restricted activities and interests. This last category reflects an expansion of 
the earlier concept of "insistence on sameness” included in previous diagnostic 
schemes. For a diagnosis of autism, an individual was required to exhibit at least 8 
of the 16 criteria with at least 2 of the social and 1 from each of the two remaining 
groups. In DSM-III-R only autism and the "subthreshold” category PDD-NOS 
were included in the PDD class. 

The strong developmental orientation of DSM-III-R was a major improve- 
ment. Unfortunately it was quickly apparent that the new scheme had resulted 
in a significantly broadened diagnostic concept (Volkmar et ai, 1988; Factor etal, 
1989; HertzigetaL, 1990). This broadening was a source of considerable concern 
for many reasons. It complicated the task of interpreting research (see Rutter & 
Schopler, 1992 for a discussion). Differences from the pending revision of the 
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international diagnostic system, the International Classification ofDiseases (10th 
edition; ICD-10) (WHO, 1990), were also marked. 

ICD-10 

The ICD-10 system provided separate chnical descriptions and research criteria. 
Major differences in both criteria for autism and disorders from previous diag¬ 
nostic Systems were noteworthy The draft ICD-10 research definition included 
age of onset as an essential diagnostic feature and included more detailed and 
numerous criteria for autism. In addition, other disorders in the PDD class 
included Rett's syndrome, Aspergeris syndrome, childhood disintegrative disor- 
der (Helleris syndrome), and atypical autism as well as the subthreshold PDD- 
NOS category (Rutter & Schopler, 1992). 

DSM-IV 

As a result of concerns about the DSM-III-R definition of autism and an awareness 
of the categories and criteria pending in ICD-10, a large multisite field trial was 
undertaken for DSM-IV This field trial (Volkmar et al, 1994) included ratings of 
nearly 1000 cases by over 100 clinicians of varying backgrounds and experience. 
Consistem with the previous research, the DSM-III-R system was noted to have 
a high false-positive rate, particularly in individuais with high leveis of mental 
handicap, regardless of whether DSM-III-R was compared to a cliniciaris best 
judgment (clinicai diagnosis) or clinician ratings of other diagnostic criteria (e.g. 
for DSM-III and ICD-10) or to alternative methods of judging the probability 
of "caseness.” While the DSM-III definition (in its "lifetime” sense) had some 
advantages, it was much less developmentally oriented than DSM-III-R. The ICD- 
10 system worked reasonably well but tended to err on the side of stringency. The 
large number and detail of the research criteria were of concern for a system, 
like DSM-IV which was meant for both clinicai and research use. Together, 
recent research and data collected in the field trial indicated that reductions in 
the number and details of the ICD-10 criteria yielded good results even when 
less experienced clinicians were using the criteria (Lord et al, 1994; Volkmar 
et al, 1994). Thus a modified version of the original ICD-10 draft criteria for 
autism was proposed for both the American (DSM-IV) and international (ICD- 
10) Systems. Although primarily focused on the definition of autism, the results 
of the field trial also provided some support for the inclusion, as in ICD-10, of 
Retris disorder, CDD (Helleris syndrome), and Aspergeris syndrome in the PDD 
class in DSM-IV 

The ICD-10 research definitions of autism and other pervasive developmental 
disorders are provided in Appendix l.A (p. 21). For a diagnosis of autism, a total of 
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at least six criteria (from impairments in social interaction, communication, and 
restricted interests and activities) is required, with at least two social impairment 
criteria present. By definition, the condition must have its onset before age 
3 years and not be due to either Retts disorder or CDD. The choice of 3 years as 
an arbitrary cut-offpoint for the onset was consistent with previous research (e.g. 
Harper & Williams, 1975; Rogers & DiLalla, 1990), and the results of the field trial 
for autism (Volkmar etal, 1994) suggested that only very rarely does a behavioral 
syndrome resembling autism have its onset after age 3 years. The convergence 
of the American and international definitions of autism has enhanced clinicai 
work as well as research (Volkmar & Klin, 2005). 

Dimensional approaches to diagnosis 

As an alternative, and sometimes as a complement, to categorical "clinicai” 
diagnoses, various diagnostic instruments, rating scales, and diagnostic checklists 
have been devised relative to autism. These approaches have been concerned 
with aspects of diagnosis, assessment, and behavioral characterization, and have 
been used for both research and clinicai purposes. In some instances the results of 
dimensional assessments can be operationalized into categorical diagnoses. For 
example, the Autism Diagnostic Interview-Revised (ADI-R) (Lord et al, 1994), 
and the Autism Diagnostic Observation Schedule (ADOS) (Lord et al, 1999) 
were explicitly designed to generate categorical diagnostic criteria, and are only 
recently being used as quantitative measures. 

Déficits in the three areas that characterize autism are affected by many fac- 
tors, other than the presence of the disorder. These include chronological age, 
developmental levei, specific language functioning, and comorbidity with other 
disorders, such as hyperactivity, anxiety, or oppositional behavior (Lord, 1991). 
The ability to quantify the severity of autism would be helpful both for research 
and for clinicai communication. For example, parents often ask "How severe is 
my child's autism?” Similarly, many questions in genetic research are dependent 
on an estimate ofthe severity of a disorder (Eaves etal, 2000). However, such esti- 
mates become very complex because of the developmental nature of autism. For 
example, restricted and repetitive behaviors are less common in very young (i.e. 
under age 3) autistic children, probably in part because of their limited indepen¬ 
dem access to certain events and objects and cognitive levei (Lord, 1995). These 
behaviors appear to increase in frequency from early to late preschool years and 
then often decrease or change in nature from fascination with particular objects 
(e.g. balis of string) and repetitive behaviors (e.g. lining them up) to more com- 
plicated interests and activities (e.g. an interest in astronomy or Scottish clans) in 
individuais with sufficient cognitive and language skills. Comparing the severity 
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of these déficits becomes problematic even if a metric of impairment, such as 
interference in independence or in family life is used, given that families usually 
adjust to and have different expectations for children who are 2 years of age than 
those who are 16. Choosing a particular chronological age as a standard, such as 
the use of the period between 4 and 5 years of age in the ADI-R (Lord et dl. ,1994), 
and having different metrics for verbal and nonverbal individuais can minimize 
this issue to some degree (Pickles et ai, 2000), but it still does not control for 
differences in cognitive functioning. In almost every empirical study of dimen¬ 
sional instruments, severity of quantitative measures is highly correlated with 
severity of mental handicap (Lord, 1991). Thus it is important for clinicians and 
researchers to be aware of this relationship in interpreting dimensional scales. 
This finding also implies that it is very important in interpreting psychometric 
data from dimensional scales to be certain that autistic and nonautistic groups 
are equivalem on measures such as cognitive levei, language ability, and chrono¬ 
logical age before statements about the validity of cut-offs can be made. Finding 
such groups is not always easy (Lord & Corsello, 2005). 

The one clear improvement that multidimensional scales such as the ADI-R 
and ADOS (Lord et ai, 1999) can offer is separate documentation of the pres- 
ence of abnormalities in each of the areas that define autism: social reciprocity; 
communication; and restricted, repetitive behaviors. With scales that produce a 
single score, it is possible that severe déficits in one or two areas (e.g. sensory 
abnormalities and expressive language) may heighten scores sufficiently to reach 
a cut-off for autism, even though déficits in other areas are not marked. Having 
separate scores in the areas that comprise DSM-IV and ICD-10 diagnoses allows 
confirmation that an individual has the specific pattern of déficits defined as 
autism. 

There are some important issues in the development and use of dimensional 
assessment instruments and parent interviews. Recently, converging evidence 
ffom a number of sources has suggested that many aspects of the social and 
communication domains overlap, so that having a single domain of social- 
communication déficits specific to autism may be most appropriate as would 
be the recognition of language levei (Lord et al, 2006). Because the individ¬ 
ual with autism may not always be amenable to direct interview, dimensional 
assessment instruments usually rely either on behavioral observation (in struc- 
tured or unstructured situations) or parent or caregiver report. Since aspects of 
syndrome expression change with age, some instruments have focused particu- 
larly on the preschool period; when the person being evaluated is older, such an 
approach entails potential problems with the reliability ofparental retrospection. 
Some behaviors, such as self-injurious behaviors, may be important because of 
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severity but may be low in ffequency; this is a problem for instruments which 
rely exclusively on behavioral observation. Teacher reports bring other ques- 
tions of reliability particularly when teachers are asked to rate behaviors which 
they encounter only very rarely. Comparisons to typical peers, if the child is in 
regular classes, may be diíferent ff om comparisons to other children with devel- 
opmental disorders, if the child is in a special class or school (Sigman et al ., 1999). 
Unfortunately aspects of reliability and validity have not always been adequately 
addressed (Parks, 1983). 

Rimland's (1964) diagnostic checklist for the diagnosis of autism is of consid- 
erable interest historically. It represents one of the earliest attempts to provide 
a more truly operational approach to diagnosis. The checklist is completed by 
parents and contains a set of questions about the development of the child in the 
first years of life. The total score is used to provide an indication of the likelihood 
that the person exhibits autism (Rimland, 1964). There has been concern that the 
questionnaire results in diagnoses that are not equivalent to standard criteria or 
other measures, but it was an important first step in the creation of standardized 
instruments in autism (Parks, 1983). 

The Childhood Autism Rating Scale (Schopler et al, 1980b) is also based on 
observation of behavior. A trained rater observes the child during a structured 
situation or a parent may be interviewed with the scale completed by a teacher or 
clinician. Various scales are included with scores ranging on a continuum from 
normal to severely abnormal. It is possible to operationalize the ratings into an 
estimate of the severity of autism, though this is correlated with intelligence. 
Reliability and discriminant validity are good, e.g. Teal and Wiebe (1986). 

The Aberrant Behavior Checklist (KrugetaL, 1979, 1980) is designed for com- 
pletion by teachers. Dichotomous items are weighted relative to how strongly 
they predict a diagnosis of autism. The weighted items are then summed across 
five symptom areas and the probability that the individual exhibits autism can 
then be estimated. Sums of item weights within area can also be plotted and 
compared to children of similar chronological age. Volkmar et al. (1987) noted 
that while individual item reliability was not high, the instrument had reasonable 
sensitivity. However, poor specificity (that is, it accurately identifies autism in 
the autistic individual but tends to overdiagnose autism in individuais who do 
not otherwise appear to have autism) is a major limitation. Nevertheless, it may 
be a useful measure of treatment effects on difhcult behavior. 

More recently instruments have been developed which have been specifically 
"keyed” to categorical diagnostic systems. Thus the AD1-R (Rutter et al, 2003) 
is a semistructured investigator-based interview, applicable for individuais with 
mental ages from 18 months to adulthood and is specifically linked to 1CDT0 



15 Diagnosis and definition of autism and other PDDs 


and DSM-IV diagnostic criteria. Data on reliability and validity of individual 
items have been presented and are generally very good to excellent (Rutter et al ., 
2003). This instrument is particularly useful for research purposes and, as is true 
for several of the dimensional instruments described here, specific training in its 
administration and scoring is required. A companion, observational approach, 
the ADOS has also been developed (Lord, Risi, Lambrecht et al ., 2000) and again 
is explicitly "keyed” to categorical diagnosis. General ratings provided better 
discrimination between groups of children and adolescents with autism and 
mild mental retardation than did coding related to specific tasks. The ADOS 
significantly increases the validity of the ADI-R (see above), and in some cases, 
when administered by an experienced clinician, may provide as good or better 
discrimination of autism from other disorders in school-age children. ADOS 
scores have been shown be to be correlated with extern of activation in particular 
brain regions on functional magnetic resonance imaging (Schultz et al, 2003), 
and with independent measures of communication impairment (Joseph et al, 
2005). 

In addition to rating scales specifically designed for individuais with autism, 
well-standardized assessments applicable to the general population can be used 
in the assessment of persons with autism. The social disability associated with 
autism is highly distinctive (see Chapter 10); there have been some attempts, 
using the Vineland Adaptive Behavior Scales (VABS) (Sparrow et al, 1984) to 
provide more dimensional assessments of social dysfunction. Volkmar et al. 
(2003) noted that leveis of social skills could be predicted on the basis of a series of 
regression equations using mental or chronological age as the predictor variable; 
individuais with autism were much more likely to exhibit lower actual leveis of 
social skill than would otherwise be predicted on the basis of their age or cognitive 
development. This approach may have particular utility for screening purposes 
since it relies on a well-standardized, semi-structured interview and is concerned 
with the acquisition of developmentally expected skills. The development of 
supplementary norms specific to autism also adds to the usefulness of the VABS 
in this population (Cárter et al, 1998). 


Differential diagnosis of autism and related conditions 

Autism and related PDDs must be differentiated from other developmental dis¬ 
orders such as mental retardation and language disorders as well as from sensory 
impairments such as deafness and, less frequently, from other conditions. The 
use of a developmentally oriented, multiaxial approach is always indicated since 
behavioral features and diagnostic criteria and guidelines are best interpreted 
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within a developmental context. Assessments of both cognitive (separate verbal 
and nonverbal) and communicative (separate receptive from expressive) skills 
are helpful and should be chosen as appropriate to the individual case. Simi- 
larly, measures of adaptive skills may provide information, such as about social 
skills, relevant to diagnosis and help in formulation of remediai programs. Any 
associated medicai conditions should be identified. Additional medicai and other 
investigators should usually be guided by history and examination, e.g. fragile X 
screening, neurological consultation, and other assessments may be indicated. 
Audiological evaluation should be obtained if there is concern about the child's 
ability to hear. Assessment procedures are summarized in Box 1.1. 

A careful history from parents significantly facilitates the diagnostic process. 
In taking a history, it is often helpful to frame questions about specific skills or 
developmental abilities around certain well-remembered times, e.g. the child's 
first birthday. The use of videotapes and home movies may also be helpful. The 
diagnosis of autism is most straightforward in instances where parents report 
severe problems in social interaction and communication dating from early in 
the child's life. However, many parents report that socially their autistic children 
were not obviously unusual until some time in the second year of life (Lord 
et al, 2004 ; Luyster et al, 2005). Sometimes parents give clear descriptions of 
marked changes in children’s social behavior sometime in their second year but 
many report what seems to be a more gradual stagnation of social involvement 
beyond physical contact (that is, many children continue to enjoy being tickled 
and roughhoused with, but become less interested in playing peek-a-boo or 
blowing kisses), once they are walking and more independently mobile. 

In addition, about one-quarter of parents report that their autistic children 
had some words, usually fewer than ten, up to the age of 12 to 18 months, 
which gradually stopped increasing and then began to disappear after only a few 
months (Kurita, 1985; Lord et aí., 2004). In some cases, these reports may be due 
to parents' overly optimistic intepretations of their children's early babble, but in 
many cases it has been possible to veriíy the presence of a few meaningful words 
around the first birthday in children who are not speaking at the time of diagnosis 
at 2 or 3 years (Osterling et al, 2002). As noted above, usually the number of 
words is very small and they are present for only a period of weeks or months. 
Often the words are used in appropriate contexts (e.g. saying “buh-buh” for 
bottle); sometimes they also appear to be intentional and to be part of a general 
action routine without necessarily being used by the child for communication. 

When parents report that a child loses more language than just a few words 
(including a larger vocabulary or some spontaneous, nonroutinized sentences) 
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Box 1.1. Evaluation procedures 

1. Historical information 

• Early development and characteristics of development 

• Age and nature of onset 

• Medicai and family history 

2. Psychological/communicative examination 

• Evaluate social and communicative skills relative to nonverbal intellec- 
tual abilities 

• Estimate(s) of intellectual levei (particularly nonverbal) 

• Communicative assessment 

receptive and expressive vocabulary 
language skills 

use of nonverbal skills and pragmatic communication 

• Adaptive behavior 

3. Psychiatric examination 

• Nature of social relatedness 

eye contact, attachment behaviors, interest in peers 
imitation skills, style of interacting 

• Behavioral features 

stereotypy/self-stimulation, resistance to change, unusual interests 
unusual sensitivities to the environment 

• Play skills 

nonfunctional use of play materiais 
developmental levei of play activities 

4. Medicai evaluation 

• Note associated medicai conditions and risk factors including infectious, 
genetic, pre- and perinatal risk 

• Genetic screen (chromosome analysis for fragile X) and genetic consul- 
tation if indicated 

• Hearing test (if indicated) 

• Consultation (neurological, occupational or physical therapy) as indi¬ 
cated by history and current examination 

• Additional evaluations as needed e.g. EEG, CT/MRI scan 



Autism and Pervasive Development Disorders 


or experiences a loss closer to his or her second birthday, then consideration of 
the diagnosis of CDD should be made. In that condition development up to at 
least 2 years is supposed to be truly normal. In addition there are cases that are 
difficult to classify, e.g. a child who appears to have high functioning autism at 
2 years of age but loses skills between 2 and 5 years. In Rett's disorder parents 
report a very early and unusual regression in their daughters, associated with the 
loss of purposeful hand movements and head-growth deceleration. While there 
may be some confusion with autism in the preschool years, the usual course 
of Retfs is quite distinctive (Tsai, 1992). In the syndrome of acquired aphasia 
with epilepsy (Landau-Kleffher syndrome) language is lost and seizures have 
their onset but social skills are relatively preserved (Landau, 1992). The study of 
children who exhibit regression in their early development remains an important 
topic for research. 

It used to be that mental retardation was estimated to be present in about 
75% of individuais with autism if the results of formal assessments of nonverbal 
intelligence were used. If full-scale scores (which include language skills) were 
employed, the proportion of mental handicap was even higher. However, the fre- 
quency of autistic-like symptoms (particularly stereotyped behaviors) increases 
with more severe retardation and may be the source of some confusion. For a 
diagnosis of autism to be made in an individual with profound or severe mental 
retardation, the clinician should be careful to evaluate the presence of social and 
communicative déficits relative to the person s overall intellectual levei. Although 
these behaviors are highly associated with autism in persons who are not men- 
tally handicapped, they are much more common in individuais with severe to 
profound mental retardation. The presence of motor mannerisms or stereotyped 
behaviors only does not establish a diagnosis of autism. In more recent epidemi- 
ological studies (Fombonne, 2005), estimates of the proportion of individuais 
with ASD who have nonverbal mental retardation have decreased to 50% or 
less. This shift in distribution has been primarily attributed to an increase in the 
number of children with milder symptoms of autism who are identified early. 
Many of these children do not have the significant cognitive delays seen in some 
children with ASD. 

In childhood schizophrenia, in most instances, early and subsequent devel¬ 
opment well into the primary school years is reasonably normal (Werry, 1992). 
In a smaller group of cases, a longer-standing pattern of neurodevelopmental 
disability may be present. However, in contrast to autism, marked déficits and 
deviance in social interaction and communication are not typical. Although 
differing in some respects from schizophrenia in adults, the main clinicai fea- 
tures of schizophrenia in children and adults are quite similar, e.g. delusions, 
disorganized thinking, hallucinations and so on (Werry, 1992). The onset of 
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schizophrenia in childhood is extremely rare. Very occasionally an individual 
with autism, particularly during adolescence or young adulthood, may also then 
develop schizophrenia; in such cases, both diagnoses are made. 

The differential diagnosis of Asperger’s disorder and higher functioning autism 
remains an area of controversy The lack, at least until very recently, of official 
guidelines for diagnosis has contributed to difficulties in interpreting available 
research. Some clinicians have used the term Asperger’s disorder in ways that are 
essentially either synonymous with higher functioning autism, with PDD-NOS, 
or even with reference to adults with autism; none of these uses particularly 
adds to a classification system. To date, requiring that individuais do not meet 
criteria for autism if they are to meet criteria for Asperger’s Disorder has resulted 
in very few cases and ongoing confusion. The use of more specific definitions 
of Asperger’s disorder may help to resolve these issues. Consistem with ICD-10 
and DSM-IV criteria, cases with Asperger s disorder would be expected to have 
better language skills than are typically observed in autism. Preliminary work 
(e.g. Klinetaí., 1995) suggests that specifically defined cases ofhigher-functioning 
autism and Asperger’s disorder differ in important respects. Cases of Asperger s 
disorder also appear to be at risk for exhibiting a particular profile of learning dis- 
ability on psychological testing. This profile of “Nonverbal Learning Disability” 
(Rourke, 1989) includes déficits in tactile perception, psychomotor coordina- 
tion, and nonverbal problem-solving in the face of well-developed rote verbal 
and verbal memory skills; problems in social interaction are noted. The neu- 
ropsychological pattern associated with this condition differs from that usually 
seen in autism. 

The PDD-NOS category’s definition by exclusion is problematic (Towbin, 
1994). Essentially this category should be used when an individual fails to meet 
specific criteria for autism or another explicitly defined PDD but has difhculities 
of similar quality. Research on this heterogeneous condition has been impeded by 
the need for a "subthreshold” category and its consequent intrinsic limitations. 
Attempts to define and validate possible subgroups are needed. 

Certain other disorders should also be considered in the differential diagnosis 
of autism. In attachment disorder, children exhibit déficits in capacities for social 
interaction which, by definition, arise through markedly deviant caretaking 
experiences, e.g. institutional rearing or severe neglect. These déficits do, how- 
ever, typically remit with provision of an appropriately supportive environment. 
Other features typical of autism are not present. In selective mutism, a child will 
speakbut only in certain situations, e.g. at home. In this condition the character- 
istic social disturbance observed in autism is not present and the child exhibits 
a wider range of social communicative functioning than would be expected in 
autism. 
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Summary 

Considerable progress in the diagnosis and classification of autism has occurred 
in the six decades that have passed since KanneTs original description of autism. 
It is clear that autism and related conditions are distinctive and with the publica- 
tion of DSM-IV and ICD-10 there has been a move towards greater uniformity 
of diagnosis, a process which has facilitated research and clinicai Service. The 
inclusion of“new” disorders within the PDD class has been more controversial. 
Many of these “new” conditions actually have a rather long history of clinicai 
interest and/or research, sometimes even longer than that for autism. It appears 
that the inclusion of these conditions has already generated important research 
contributions, e.g. the discovery of a gene involved in Rett's disorder. 

The official recognition of Aspergehs disorder has stimulated considerable 
debate and interest in higher-functioning individuais with social disabilities. 
There is increasing awareness of the "broader phenotype” of social disability 
that may be inherited in autism (Rutter, 2005). Issues related to the boundaries 
and validity of different diagnostic categories of the PDDs, particularly Aspergers 
disorder and PDD-NOS, remain far ffom resolved. 

For some of the less common conditions, collaborative, multisite projects may 
be needed if searches for etiological mechanisms are to be successful. Similarly, 
efforts to understand the broader autism phenotype more fully may require rela- 
tively large samples and more attention to different potential pathways into social 
dysfunction. An understanding of the neural basis of social behavior (Volkmar 
et al, 2003) may be particularly helpful in this regard. 

Although progress has been made, there are many areas that still need much 
research. Given the body ofwork(Lord et al, 2001) demonstrating the effective- 
ness of early intervention in autism, the identification of very young children 
with autism and related disorders is an important research priority. A decade 
ago a 4-year-old child with autism was thought of as an example of very early 
diagnosis, now referrals are made shortly after a childk first birthday (Klin 
et al, 2004). Longitudinal studies of children referred for possible autism before 
age 3 years have underscored that while the diagnosis can be made early errors 
in both directions also occur (Lord & Risi, 2000). Advances have been made 
in the area of early diagnosis and screening (see Chawarska & Volkmar, 2005; 
Coonrod & Stone, 2005) but more rigorous and reliable methods - includ- 
ing those which tap specific psychological and neurobiological processes - are 
needed. 

Longitudinal studies are also critically needed. These will address important 
questions of stability of diagnosis and responses to treatment. It is clear that 
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while many children respond positively to early intervention, some do not, even 
with good intervention programs. Since most of the available research is cross- 
sectional in nature, it is difificult for us to understand what factor or factors predict 
a response to treatment. 

Increased knowledge, e.g. the identification of specifk genes (see Chapter 5), 
may require further refinement of diagnosic categories. It is also important to 
realize that diagnosis involves many purposes including eligibility for Services 
and definition of homogeneous and strictly defined subgroups for research. 
An understandable and legitimate tension exists among these various purposes 
(Wing, 2005). It is clear, however, that the development of useful and reliable 
definitions has significantly advanced research over the past decade. 
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APPENDIX 1.A 

ICD-10 definitions of autism and related pervasive 
developmental disorders 

ICD-10 criteria for autism 

Childhood autism (F84.0) 

A. Abnormal or impaired development is evident before the age of 3 years in at 
least one of the following areas: 

(1) receptive or expressive language as used in social communication; 

(2) the development of selective social attachments or of reciprocai social 
interaction; 

(3) functional or symbolic play. 

B. A total of at least six symptoms ffom (1), (2), and (3) must be present, with at 
least two ffom (1) and at least one from each of (2) and (3). 

(1) Qualitative impairments in social interaction are manifest in at least two of 
the following areas: 
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(a) failure adequately to use eye-to-eye gaze, facial expression, body pos- 
tures, and gestures to regulate social interaction; 

(b) failure to develop (in a manner appropriate to mental age, and despite 
ample opportunities) peer relationships that involve a mutual sharing of 
interests, activities, and emotions; 

(c) lack of socio-emotional reciprocity as shown by an impaired or deviant 
response to other people’s emotions; or lack of modulation of behavior 
according to social context; or a weak integration of social, emotional, 
and communicative behaviors; 

(d) lack of spontaneous seeking to share enjoyment, interests, or achieve- 
ments with other people (e.g. a lack of showing, bringing, or pointing 
out to other people objects of interest to the individual). 

(2) Qualitative abnormalities communication as manifest in at least one of the 

following areas: 

(a) delay in or total lack of, development of spoken language that is not 
accompanied by an attempt to compensate through the use of gestures 
or mime as an alternative mode of communication (often preceded by 
a lack of communicative babbling); 

(b) relative failure to initiate or sustain conversational interchange (at what- 
ever levei of language skill is present), in which there is reciprocai respon- 
siveness to the Communications of the other person; 

(c) stereotyped and repetitive use of language or idiosyncratic use of words 
or phrases; 

(d) lack of varied spontaneous make-believe play or (when young) social 
imitative play 

(3) Restricted, repetitive, and stereotyped patterns of behavior, interests, and 

activities are manifested in at least one of the following: 

(a) an encompassing preoccupation with one or more stereotyped and 
restricted patterns of interest that are abnormal in content or focus; 
or one or more interests that are abnormal in their intensity and circum- 
scribed nature though not in their content or focus; 

(b) apparently compulsive adherence to specific, nonfunctional routines or 
rituais; 

(c) stereotyped and repetitive motor mannerisms that involve either hand 
or frnger flapping or twisting or complex whole-body movements; 

(d) preoccupations with part-objects or nonfunctional elements of play 
materiais (such as their odor, the feel of their surface, or the noise or 
vibration they generate). 
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C. The clinicai picture is not attributable to the other varieties of pervasive devel- 
opmental disorders; specific development disorder of receptive language (F80.2) 
with secondary socio-emotional problems’ reactive attachment disorder (F94.1) 
or disinhibited attachment disorder (F94.2); mental retardation (F70-F72) with 
some associated emotional or behavioral disorders; schizophrenia (F20) of 
unusually earl onset; and Rett's syndrome (F84.12). 

F84.1 Atypical autism 

A. Abnormal or impaired development is evident at or after the age of 3 years 
(criteria as for autism except for age of manifestation). 

B. There are qualitative abnormalities in reciprocai social interaction or in commu- 
nication, or restricted, repetitive, and stereotyped patterns ofbehavior, interests, 
and activities. (Criteria as for autism except that it is unnecessary to meet the 
criteria for number of areas of abnormality) 

C. The disorder does not meet the diagnostic criteria for autism (F84.0). 

Autism may be atypical in either age of onset (F84.10) or symptomatology 
(F84.ll); the two types are differentiated with a fifth character for research 
purposes. Syndromes that are typical in both respects should be coded F84.12. 

F84.10 Atypicality in age of onset 

A. The disorder does not meet criterion A for autism (F84.0); that is, abnormal or 
impaired development is evident only at or after age 3 years. 

B. The disorder meets criteria B and C for autism (F84.0). 

F84.11 Atypicality in symptomatology 

A. The disorder meets criterion A for autism (F84.0); that is, abnormal or impaired 
development is evident before age 3 years. 

B. There are qualitative abnormalities in reciprocai social interactions or in commu- 
nication, or restricted, repetitive, and stereotyped patterns ofbehavior, interests, 
and activities. (Criteria as for autism except that it is unnecessary to meet the 
criteria for number of areas of abnormality) 

C. The disorder meets criterion C for autism (F84.0). 

D. The disorder does not fully meet criterion B for autism (F84.0). 

F84.12 Atypicality in both age of onset and symptomatology 

A. The disorder does not meet criterion A for autism (F84.0); that is, abnormal or 
impaired development is evident only at or after age 3 years. 
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B. There are qualitative abnormalities in reciprocai social interactions or in commu- 
nication, or restricted, repetitive, and stereotyped patterns ofbehavior, interests, 
and activities. (Criteria as for autism except that it is unnecessary to meet the 
criteria for number of areas of abnormality.) 

C. The disorder meets criterion C for autism (F84.0). 

D. The disorder does not fully meet criterion B for autism (F84.0). 

DSM-IV Criteria for autistic disorder (299.0) 

A. A total of at least six items from (1), (2), and (3), with at least two ffom (1), and 
one each from (2) and (3): 

(1) Qualitative impairment in social interaction, as manifested by at least two 

of the following: 

(a) marked impairment in the use of multiple nonverbal behaviors such as 
eye-to-eye gaze, facial expression, bodypostures, andgestures to regulate 
social interaction; 

(b) failure to develop peer relationships appropriate to developmental levei; 

(c) markedly impaired expression of pleasure in other people's happiness; 

(d) lack of social or emotional reciprocity 

(2) Qualitative impairments in communication as manifested by at least one of 

the following: 

(a) delay in or total lack of, the development of spoken language (not 
accompanied by an attemp to compensate through alternative modes of 
communication such as gestures or mime); 

(b) in individuais with adequate speech, marked impairment in the ability 
to initiate or sustain a conversation with others; 

(c) stereotyped and repetitive use of language or idiosyncratic language; 

(d) lack of varied spontaneous make-believe play or social imitative play 
appropriate to developmental levei. 

(3) Restricted repetitive and stereotyped patterns of behavior, interests, and 

activities, as manifested by at least one of the following: 

(a) encompassing preoccupation with one or more stereotyped and 
restricted patterns of interest that is abnormal either in intensity or 
focus; 

(b) apparently inflexible adherence to specific, nonfunctional routines or 
rituais; 

(c) stereotyped and repetitive motor mannerisms, e.g. hand or finger flap- 
ping or twisting, or complex whole-body movements; 

(d) persistem preoccupation with parts of objects. 
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B. Delays or abnormal functioning in at least one of the following areas, with 
onset prior to age three: (1) social interaction; (2) language as used in social 

communication; or (3) symbolic or imaginative play 

C. Not better accounted for by Rett/s disorder or childhood disintegrative 

disorder. 
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Introduction 

Epidemiological surveys of autism started in the mid 1960s in England (Lotter, 
1966,1967) and havesincethenbeenconductedinmanycountries.Most epidemi¬ 
ological surveys have focused on a categorical-diagnostic approach to autism that 
has relied over time on different sets of diagnostic criteria; however, all surveys 
used a definition of autism which comprised severe impairments in communi- 
cation and language, social interactions, and play and behavior. This chapter 
is therefore concerned with autism defined as a severe developmental disorder 
and not with more subtle autistic features or symptoms that occur as part of 
other, more specific, developmental disorders, as unusual personality traits, or 
as components of the lesser variant of autism thought to index genetic liabil- 
ity to autism in relatives. With the exception of recent studies, other pervasive 
developmental disorders (PDDs) falling short of diagnostic criteria for autistic dis¬ 
order - pervasive developmental disorder not otherwise specified (PDD-NOS), 
AspergeTs syndrome - were generally not included in the case definition used 
in earlier surveys although several epidemiological investigations yielded use- 
ful information on the rates of these particular types of PDD. These data are 
summarized separately The aims of this chapter are to provide an up-to-date 
review of the methodological features and substantive results of published epi¬ 
demiological surveys. This chapter updates our previous reviews (Fombonne, 
1998, 1999, 2003a) with the inclusion of new studies made available since then. 
Much of this chapter also appeared in the third edition of the Handbook of Autism 
and pervasive developmental disorders (Volkmar, 2005) and tables are reproduced 
with permission. A key feature of the review was to rely on summary statistics 
throughout in order to derive quantitative estimates for rates and correlates of 
autism spectrum disorders. The specific questions addressed in this chapter are: 


33 


Autism and Pervasive Developmental Disorders, 2nd edn, ed. Fred R. Volkmar. 
Published by Cambridge University Press. © Cambridge University Press 2007. 



34 Autism and Pervasive Developmental Disorders 


(1) What is the range of prevalence estimates for autism and related disorders? 

(2) What proportion of autism cases is attributable to specific associated medicai 
disorders? 

(3) Is the incidence of autism increasing? 

(4) What are the other correlates of autistic-spectrum disorders, particularly with 
respect to race and ethnicity? 

(5) What is the role, if any, of cluster reports in causal investigations of autism? 

The design of epidemiological surveys 

Epidemiology is concerned with the study of the repartition of diseases in human 
populations and of the factors that influence it. There are several measures of 
disease occurrence used by epidemiologists. Incidence rate refers to the number 
of new cases (the numerator) of a disease occurring over a specified period in 
those at risk of developing the disease in the population (the denominator, in 
x person-years). Cumulative incidence is the proportion of those who were 
free of the disease at the beginning of the observation period and developed 
the disease during that period. Measures of incidence are required to estimate 
properly morbidity due to a disease, its possible changes over time, and the 
risk factors underlying disease status. Prevalence is a measure used in cross- 
sectional surveys (there is no passage of time) and reflects the proportion of 
subjects in a given population who, at that point in time, suffer ffom the disease. 
Most epidemiological surveys of autism have not been informative on incidence 
(with a few recent exceptions) and were of a cross-sectional nature. As a result, 
prevalence rates have been used to describe autism in populations. 


The selection of studies 

The studies were identified through systematic searches ffom the major scien- 
tific literature databases (MEDLINE, PSYCINFO) and ff om prior reviews (Wing, 
1993; Fombonne, 1998, 1999, 2003a). Only studies published in the English 
language were included. Surveys which relied only on a questionnaire-based 
approach to define caseness were also excluded as the validity of the diagnosis is 
unsatisfactory in these studies. Overall, 42 studies published between 1966 and 
2003 were selected which surveyed PDDs in clearly demarcated, non-overlapping 
samples. Of these, 36 studies provided information on rates of autistic disorder 
(Table 2.1), three studies only provided estimates on all PDDs combined, and 
three studies provided data only on high-functioning PDDs. For several studies, 
the publication listed in the tables is the most detailed account or the earliest one; 


Table 2.1 Prevalence surveys of autistic disorder 
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however, other published articles were used to extract relevant information from 
the same study, when appropriate. 

Survey descriptions 

Surveys were conducted in 14 countries and half of the results have been pub¬ 
lished since 1997. Details on the precise sociodemographic composition and 
economical activities of the area surveyed in each study were generally lacking; 
most studies were, however, conducted in predominantly urban or mixed areas, 
with only 2 (studies 6 and 11) surveys carried out in predominantly rural areas. 
The proportion of children from immigrant families was generally not avail- 
able and very low in 5 surveyed populations (studies 11, 12, 19, 23, and 26). 
Only in studies 4 and 34 there a substantial minority of children with either 
an immigrant or different ethnic background living in the area. The age range 
of the population included in the surveys is spread from birth to early adult 
life, with an overall median age of 8.0. Similarly, in 39 studies, there is huge 
variation in the size of the population surveyed (range 826-4 590 000), with 
a median population size of 63 860 subjects (mean 255 000) and about half 
of the studies relying on targeted populations ranging in size from 15 870 to 
166 860. 

A few studies have relied on existing administrative databases (i.e. Croen 
et ah, 2002; Gurney et ah, 2003) or on national registers (Madsen et ah, 2002) 
for case identification. Most investigations have relied on a two-stage or multi- 
stage approach to identify cases in underlying populations (Fombonne, 2002a). 
The first screening stage of these studies often consisted of sending letters or 
brief screening scales asking schools and health professionals to identify possible 
cases of autism. Each investigation varied in several key aspects of this screen¬ 
ing stage. First, the coverage of the population varied enormously from one 
study to another. In some (i.e. studies 3, 17, 20, 24, and 33) only cases already 
known from educational or medicai authorities could be identified, whereas in 
other surveys an extensive coverage of the entire population, including children 
attending normal schools (studies 1 and 25) or children undergoing systematic 
developmental checks (studies 13, 19, 22, 32, and 36), was achieved. In addition, 
the surveyed areas varied in terms of Service development as a function of the 
specific educational or healthcare Systems of each country and of the year of 
investigation. Secondly, the type of information sent out to professionals who 
were invited to identify children varied from simple letters including a few clin¬ 
icai descriptors of autism-related symptoms or diagnostic checklists rephrased 
in nontechnical terms, to more systematic screening based on questionnaires 
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or rating scales of known reliability and validity. Thirdly, participation rates in 
the first screening stages provide another source of variation in the screening 
efficiency of surveys. Refusal rates were available for 13 studies (studies 1, 5, 6, 9, 
12,14,19,20,23,25 and 30); the rate of refusal ranged from 0% (study 25) to 35%, 
with a median value of 14%. Fewer studies could examine the extent to which 
refusal to participate or uncooperativeness in surveys is associated with the like- 
lihood that the corresponding children have autism. Bryson et al. (1988; study 
12), however, provided some evidence that those families who refused coop- 
eration in the intensive assessment phase had children with Aberrant Behavior 
Checklist (ABC) scores similar to other false positives in their study, thereby 
suggesting that these children were unlikely to have autism. Webb et al. (2003) 
similarly produced data showing an increasing refusal rate in those with fewer 
ICD-10 PDD symptoms. By contrast, in a Japanese study (Sugiyama and Abe, 
1989; study 13) where 17.3% ofparents refused further investigations for their 
18-month-old children who had failed a developmental check, follow-up data at 
age 3 suggested that half of these children still displayed developmental problems. 
Whether or not these problems were connected to autism is unknown, but this 
study points to the possibility of having higher rates of developmental disorders 
among nonparticipants to surveys. Similarly, in Lotter s study (1966; study 1), 58 
questionnaires covering schools for handicapped children were returned out of 
the 76 forms sent out, and an independent review of the records showed that 4 
of the 18 missing forms corresponded to autistic children. Therefore it is difficult 
to draw firm conclusions from these different accounts. Although there is no 
consistent evidence that parental refusal to cooperate is associated with autism 
in their oífspring, it appears that a small proportion of cases may be missed in 
some surveys as a consequence of non-cooperation at the screening stage. One 
survey included a weighting procedure to compensate for nonresponse (study 
40). 

Only two studies (studies 1 and 30) provided an estimate of the reliability of 
the screening procedure. The sensitivity of the screening methodology is also 
difficult to gauge in autism surveys. The usual epidemiological approach, which 
consists of sampling, at random screened negative subjects in order to estimate 
the proportion of false negatives, has not been used in these surveys for the 
obvious reason that, due to the very low frequency of the disorder, it would 
be both imprecise and very costly to undertake such estimations. The conse¬ 
quence of these remarks is that prevalence estimates must be seen as underes- 
timates of “true” prevalence rates because cases are being missed due either to 
lack of cooperation or to imperfect sensitivity of the screening procedure. The 
magnitude of this underestimation is unknown in each survey. 
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Similar considerations about the methodological variability across studies 
apply to the intensive assessment phases. Participation rates in these second- 
stage assessments were not always available, either because they had simply not 
been calculated or because the design and/or method of data collection did not 
lead easily to their estimation. When available (studies 1, 5, 8, 12, 13, 15, 22, 23, 
25, 29,30, 32, and 36) they were generally high, rangingfrom 76.1% (study 12) to 
98.6% (study 25). The source of information used to determine caseness usually 
involved a combination of informants and data sources, with a direct assessment 
of the person with autism in 21 studies. 

The assessments were conducted with various diagnostic instruments, rang- 
ing from a classical clinicai examination to the use of batteries of standardized 
measures. The Autism Diagnostic Interview (Le Couteur etal, 1989) and/or the 
Autism Diagnostic Observational Schedule (Lord et al, 2000) were used in the 
most recent surveys. The precise diagnostic criteria retained to define caseness 
vary according to the study and, to a large extent, reflect historical changes in 
classification systems. Thus Kanners criteria, and Lotters and Ruttebs defini- 
tions were used in the first eight surveys (all conducted before 1982), whereas 
DSM-based definitions took over thereafter as well as ICDT0 since 1990. Some 
studies have relaxed partially some diagnostic criteria such as the requirement of 
an age of onset before 3 0 months (study 6) or that of the absence of schizophrenia- 
like symptoms (studies 13 and 14). However, most surveys have relied on the 
clinicai judgment of experts to arrive at the final case groupings. It is worth 
underlining that field trials for recent classifications such as DSM-III-R (Spitzer 
and Siegel, 1990) or DSM-IV/ICD-10 (Volkmar etal., 1994) have also reliedupon 
the judgment of clinicai experts, taken as a gold standard to diagnose autism 
and calibrate diagnostic algorithms. Therefore the heterogeneity of diagnostic 
criteria used across surveys is somewhat mitigated by reliance on expert clinicai 
judgment to determine final caseness. It is also difficult to assess the impact of a 
specific diagnostic scheme or a particular diagnostic criterion on the estimate of 
prevalence since other powerful method factors confound between-studies com- 
parisons of rates. Surprisingly, few studies have built in a reliability assessment of 
the diagnostic procedure; reliability during the intensive assessment phase was 
high in seven surveys (studies 4, 13, 16, 23, 24, 32, and 36) and moderate in one 
(study 14). 

Characteristics of autistic samples 

Data on children with autistic disorders were available in 36 surveys (studies 
1-36; see Table 2.1). A total number of 7514 subjects were considered to suffer 
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from autism, this number ranging from 6 (studies 18 and 25) to 5038 (study 
34) across studies (median 48; mean 209). An assessment of intellectual function 
was obtained in 21 studies. These assessments were conducted with various tests 
andinstruments; furthermore, results were pooledinbroadbands of intellectual 
levei which did not share the same boundaries across studies. As a consequence, 
differences in rates of cognitive impairment between studies should be inter- 
preted with caution. With these caveats in mind, some general conclusions can 
nevertheless be reached (see Table 2.1). The median proportion of subjects with- 
out intellectual impairment was 29.6% (range 0%-60%) (Study 23, which relied 
upon different IQ groupings has been excluded). The corresponding figures are 
29.3% (range 6.6%-100%) for mild to moderate intellectual impairments, and 
38.5% (range 0%-81.3%) for severe to profound leveis of mental retardation. 
Gender repartition among subjects with autism was reported in 32 studies total- 
ing 6963 subjects with autism, and the male:female sex ratio varied from 1.33 
(study 7) to 16.0 (study 4), with a mean male:female ratio of4.3:l. Thus, no epi¬ 
demiological study ever identified more girls than boys with autism, a finding 
that parallels the gender differences found in clinically referred samples (Lord 
et al, 1982). Gender differences were more pronounced when autism was not 
associated with mental retardation. In 13 studies (865 subjects) where the sex ratio 
was available within the normal band of intellectual functioning, the median sex 
ratio was 5.5:1. Conversely, in 12 studies (813 subjects), the median sex ratio was 
1.95:1 in the group with autism and moderate to severe mental retardation. 


Prevalence estimations for autistic disorder 

Prevalence estimates ranged from 0.7 per 10 000 to 72.6 per 10 000 (see Table 
2.1). Confidence intervals were computed for each estimate; their width (the 
difference between the upper and lower limits of the 95% confidence interval, 
Cl) indicates the variation in sample sizes and in the precision achieved in each 
study (range 0.3-115.9; mean 11.3). Prevalence rates were negatively correlated 
with sample size (Spearman r = —0.73; p < 0.01); small-scale studies tended 
to report higher prevalence rates. 

When surveys were combined in two groups according to the median year 
of publication (1994), the median prevalence rate for 18 surveys published in 
the period 1966-93 was 4.7 per 10 000, and the median rate for the 18 surveys 
published in the period 1994-2004 was 12.7 per 10 000. Indeed, the correlation 
between prevalence rate and year of publication reached statistical significance 
(Spearmanr = 0 .65; p < 0.01), and the results ofthe 22 surveys with prevalence 
rates over 7 per 10 000 were all published since 1987. These findings point 
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towards an increase in prevalence estimates in the last 15 to 20 years. In order 
to derive a best estimate of the current prevalence of autism, it was therefore 
deemed appropriate to restrict the analysis to 28 surveys published since 1987. 
The prevalence estimates ranged from 2.5 to 72.6 per 10 000 (average 95% Cl 
width 14.1), with an average rate of 16.2 per 10 000 and a median rate of 11.3 
per 10 000. Similar values were obtained when slightly different rules and time 
cutpoints were used, with median and mean rates fluctuating between 10-13 
and 13-18 per 10 000, respectively. From these results, a conservative estimate for 
the current prevalence of autistic disorder is most consistent with values lying 
somewhere between 10 per 10 000 and 16 per 10 000. For further calculations, we 
arbitrarily adopted the midpoint of this interval as the working rate for autism 
prevalence, i.e. the value of 13 per 10 000. 

Associated medicai conditions 

Rates of medicai conditions associated with autism were reported in 15 surveys. 
These medicai conditions were investigated by very different means ranging 
from questionnaires to full medicai work-ups. 

Conditions such as congenital rubella and phenylketonuria (PKU) account for 
almost no cases of autism. Prior studies suggesting an association of congenital 
rubella (Chess, 1971) and PKU (Knobloch & Pasamanick, 1975; Lowe etal., 1980) 
with autism were conducted before implementation of systematic prevention 
measures. Similarly, the estimate of 0% for autism and neurofibromatosis is con¬ 
sistent with the 0.3% rate found in a large series of 341 referred cases (Mouridsen 
et al, 1992). The rates found for cerebral palsy and Downs syndrome equally 
suggest no particular association. The recognition that Downs syndrome and 
autism co-occur in some individuais has been the focus of attention in recent 
reports(BregmanandVolkmar, 1988; GhaziuddinetaL, 1992; Howlinetaí., 1995); 
the epidemiological findings give further support to the validity of these clinicai 
descriptions (i.e. that the two conditions co-occur in some children), although 
they do not suggest that the rate of comorbidity is higher than that expected by 
chance once the effects of mental retardation are taken into account. For ff agile 
X syndrome, the low rate available in epidemiological surveys (0.3%) is most 
certainly an underestimate due to the fact that ffagile X was not recognized 
until relatively recently. In line with prior reports (Smalley et al ., 1992), tuberous 
sclerosis (TS) has a consistently high frequency among autistic samples (1%). 
Assuming a population prevalence of 1 per 10 000 for TS (Ahlsen et al., 1994; 
Hunt & Lindenbaum, 1984; Shepherd et al., 1991), it appears that the rate of 
TS is about 100 times higher than that expected under the hypothesis of no 
association. 


43 Epidemiological surveys of PDDs 


The overall proportion of cases of autism which could be causally attributed to 
known medicai disorders therefore remains low. From the 16 surveys where rates 
of 1 in 7 clear-cut medicai disorders potentially causally associated with autism 
(cerebral palsy, ffagile X, TS, PKU, neurofibromatosis, congenital rubella, and 
Downs syndrome) were available, we computed the proportion of subjects with 
at least one of these recognizable disorders. Because the overlap between these 
conditions is expected to be low and because the information about multiply 
handicapped subjects was anyhow not available, this overall rate was obtained by 
summing directly the rates for each individual condition within each study; the 
resultingrate of5.5% might, therefore, be slightly overestimated. The ffaction of 
cases of autism with a known medicai condition that was potentially etiologically 
signifkant ranged ffom 0% to 16.7%, with a median and mean values of 5.5% 
and 5.9%, respectively. Even if some adjustment were made to account for the 
underestimation of the rate of fragile X in epidemiological surveys of autism, the 
attributable proportion of cases of autism would not exceed the 10% figure for 
any medicai disorder (excluding epilepsy and sensory impairments). Although 
this figure does not incorporate other medicai events of potential etiological 
significance - such as encephalitis, congenital anomalies, and other rare medicai 
syndromes - it is similar to that reported in a recent review of the question 
(RutteretaL, 1994). 

Rates of epilepsy are high among autism samples. The proportion suffering 
ffom epilepsy also tends to be higher in those studies with higher rates of severe 
mental retardation (as in studies 16, 17, and 20). Age-specific rates for the preva- 
lence of epilepsy were not available. The samples where high rates of epilepsy 
were reported tended to have a higher median age, although these rates seemed 
mostly to apply to school-aged children. Thus, in light of the increased inci- 
dence of seizures during adolescence among subjects with autism (Deykin & 
MacMahon, 1979; Rutter, 1970), the epidemiological rates shouldbe regarded as 
underestimates of the lifetime risk of epilepsy in autism. These rates are nonethe- 
less high and support the findings of a bimodal peak of incidence of epilepsy in 
autistic samples, with a first peak of incidence in the first years of life (Volkmar & 
Nelson, 1990). 

Rates of other pervasive developmental disorders 

Unspecified PDDs: PDD-NOS 

Several studies have provided useful information on rates of syndromes simi¬ 
lar to autism but falling short of strict diagnostic criteria for autistic disorder 
(Table 2.2). Because the screeningprocedures and subsequent diagnostic assess- 
ments differed ffom one study to another, these groups of disorders are not 
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strictly comparable across studies. In addition, as they were not the group on 
which the attention was focused, details are often lacking on their phenomeno- 
logical features in the available reports. Different labeis (see Table 2.2) have been 
used to characterize them such as the triad of impairments involving impair- 
ments in reciprocai social interaction, communication, and imagination (Wing & 
Gould, 1979). These groups would be overlapping with current diagnostic labeis 
such as atypical autism and PDD-NOS. Fourteen of the 36 surveys yielded sepa- 
rate estimates ofthe prevalence of these developmental disorders, with 10 studies 
showing higher rates for the nonautism disorders than the rates for autism. The 
ratio of the rate of nonautistic PDD to the rate of autism varied ffom 0.44 to 
3.33 (see Table 2.2) with a mean value of 1.6, which translates into an average 
prevalence estimate of 20.8 per 10 000. In other words, for every two children 
with autism assessed in epidemiological surveys, three were found to have severe 
impairments of a similar nature but falling short of strict diagnostic criteria for 
autism. This group has been much less studied in previous epidemiological sur¬ 
veys but progressive recognition of its importance and relevance to autism has 
led to changes in the design of more recent epidemiological surveys (see below) 
which are now designed to include these less typical children in the case defini- 
tion adopted in surveys. It should be clear from these figures that they represent 
a very substantial group of children whose treatment needs are likely to be as 
important as those of children with autism. 

Asperger's syndrome and childhood disintegrative disorder 

The reader is referred to recent epidemiological reviews for these two conditions 
(Fombonne, 2002b; Fombonne & Tidmarsh, 2003). 

Inbrief, epidemiological surveys of Aspergehs syndrome are sparse, probably 
due to the fact that it was acknowledged as a separate diagnostic category only 
recently in both ICD-10 and DSM-IV Only two epidemiological surveys have 
been conducted which specifically investigated its prevalence (Ehlers & Gillberg, 
1993; Kadesjo et al, 1999). However, only a handful (n < 5) of cases were identi- 
fied in these surveys, with the resulting estimates of 28 and 48 per 10 000 being 
extremely imprecise. By contrast, other recent autism surveys have consistently 
identified smaller numbers of children with Aspergehs syndrome than those with 
autism within the same survey. In seven such surveys (studies 23-27, 32 reviewed 
in Fombonne & Tidmarsh, 2003; and study 36) the ratio of autism to Aspergebs 
syndrome rates in each survey was above unity, suggesting that the rate was 
consistently lower than that for autism (Table 2.3). How much lower is difficult 
to establish ffom existing data, but a ratio of 5 to 1 would appear an accept- 
able, albeit conservative, conclusion based on this limited available evidence. 


Table 2.3 Asperger's syndrome in recent autism surveys 
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This translates into a rate for Asperger s syndrome which would be 1 15 that of 
autism. We therefore used, for subsequent calculations, an estimate of 2.6 per 
10 000 for Aspergebs syndrome. A recent survey of high-functioning PDDs in 
Welsh mainstream primary schools has yielded a relatively high (uncorrected) 
prevalence estimate of 14.5 per 10 000. Of the 17 children contributing to this 
figure, 10 had either Asperger s disorder or high-functioning autism as a primary 
diagnosis. Assuming that half of these would have Asperger’s disorder, we could 
extrapolate a 4.3 per 10 000 prevalence, a figure that is in line with other studies. 
However, much caution should be applied to this calculation as it is based on 
several assumptions that are impossible to verify. 

Few surveys have provided data on childhood disintegrative disorder (CDD), 
also known as Hellehs syndrome, disintegrative psychosis (ICD-9) or late-onset 
autism (see Volkmar, 1992). In addition to the four studies (studies 9, 23, 31, and 
32) of our previous review (Fombonne, 2002b), another survey has provided 
new data on CDD (study 36). Taking the five studies into account (Table 2.4), 
prevalence estimates ranged from 1.1 to 9.2 per 100 000. The pooled estimate 
based on seven identified cases and a surveyed population of 358 633 children, 
was 1.9 per 100 000. The upper-bound limit of the associated Cl (4.15 per 
100 000) indicates that CDD is a very rare condition, with one case occurring for 
every 65 cases of autistic disorder. As cases of CDD were both rare and already 
included in the numerator alongside autism cases in most surveys, we do not 
provide separate estimates of the numbers of subjects suffering from CDD in 
subsequent calculations. 

Prevalence for combined PDDs 

Taking the aforementioned conservative estimates, the prevalence for all PDDs 
is at least 36.4 per 10 000, i.e. the sum of estimates for autism (13 per 10 000), 
PDD-NOS (20.8 per 10 000), and AS (2.6 per 10 000). This global estimate is 
derived from a conservative analysis of existing data. 

However, eight recent epidemiological surveys yielded even higher rates in six 
instances (Table 2.5); the two surveys that did not might have underestimated the 
rates. In the Danish investigation (study 35), case finding depended upon notifi- 
cation to a National Registry, a method which is usually associated with lower 
sensitivity for case finding. The Atlanta survey by the Centers for Disease Con- 
trol (study 38) was based on a very large population (which typically yields lower 
prevalence; see above) and age-specific rates were in fact in the 40-45 per 10 000 
range in some birth cohorts (Fombonne, 2003b). The common design features of 
the four other epidemiological enquiries (studies 26, 29, 32, and 36) that yielded 


Table 2.4 Surveys of childhood disintegrative disorder 
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higher rates are worthy of mention. First, the case definition chosen for these 
investigations was that of a PDD as opposed to the narrower approach focusing 
on autistic disorder typical of previous surveys. Investigators were concerned 
with any combination of severe developmental abnormalities occurring in one 
or more of the three symptomatic domains defining PDD and autism. Second, 
case-finding techniques employed in these surveys were proactive, relying on 
multiple and repeated screening phases, involving both different informants at 
each phase and surveying the same cohorts at different ages, which certainly max- 
imtzed the sensitivity of case identification. Third, assessments were performed 
with standardized diagnostic measures (i.e. Autism Diagnostic Interview-Revised 
and Autism Diagnostic Observation Schedule), which closely match the dimen¬ 
sional approach retained for case definition. Finally, these samples comprised 
young children around their fifth birthdays, thereby optimizing sensitivity of 
case-finding procedures. Furthermore, the size of targeted populations was rea- 
sonably small (between 9000 and 16 000), probably allowingfor the most efhcient 
use of research resources. Conducted in different regions and countries by dif¬ 
ferent teams, the convergence of estimates is striking. 

Two further results are worth noting. First, in sharp contrast with the preva- 
lence for combined PDDs, the separate estimates for autistic disorder and PDD- 
NOS vary widely in studies where separate figures were available, as if the 
reliability of the differentiation between autistic disorder and PDD-NOS was 
medíocre at that young age, despite the use of up-to-date standardized mea¬ 
sures. Second, the rate of mental retardation was, overall, much lower than in 
previous surveys of autism. While this should not be a surprise for children in the 
PDD-NOS/Aspergebs syndrome groups, this trend was also noticeable within 
samples diagnosed with autistic disorder. To what extent this trend reflects the 
previously mentioned differential classification issues between autism and PDD- 
NOS or a genuine trend over time towards a decreased rate of mental retardation 
within children with autistic disorder (possibly as a result of earlier diagnosis and 
intervention) remains to be established. 

In conclusion, the convergence of surveys around an estimate of 60 per 10 000 
for all PDD combined is striking, especially when coming ffom studies with 
improved methods. This estimate now appears to be the best estimate for the 
prevalence of PDDs currently available. 


Time trends 

The debate on the hypothesis of a secular increase in rates of autism has been 
obscured by a lack of clarity in the measures of disease occurrence used by 
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investigators, or rather in their interpretation. In particular, it is crucial to 
differentiate prevalence (the proportion of individuais in a population who suífer 
ífom a defined disorder) from incidence (the number of new cases occurring in 
a population over a period of time). Prevalence is useful to estimate needs and 
plan Services but only incidence rates can be used for causal research. Both preva¬ 
lence and incidence estimates will be inflated when case definition is broadened 
and case ascertainment is improved. Time trends in rates can therefore only be 
gauged in investigations that hold these parameters under strict control over 
time. These methodological requirements must be borne in mind while review- 
ing the evidence for a secular increase in rates of PDDs. 

Five approaches to assess this question have been used in the literature. 

1 Referral statistics 

Increasing numbers of children referred to specialist Services or known to special 
education registers have been taken as evidence for an increased incidence of 
autism-spectrum disorders. However, trends over time in referred samples are 
confounded by many factors such as referral patterns, availability of Services, 
heightened public awareness, decreasing age at diagnosis, and changes over time 
in diagnostic concepts and practices, to name only a few. Failure to control 
for these confounding factors was obvious in some recent reports (Fombonne, 
2001), such as the widely quoted reports ífom Califórnia educational Services 
(Department of Developmental Services, DDS, 1999, 2003). First, these reports 
applied to numbers rather than rates, and failure to relate these numbers to 
meaningful denominators left the interpretation of an upward trend vulnerable 
to changes in the composition of the underlying population. For example, the 
population of Califórnia was 19 971 000 in 1970 and rose to 35 116 000 as at July 
1, 2002, an increase of 75.8%. Thus part of the increase in numbers of subjects 
identified with autism merely reflects the change in population size, but this has 
not been taken (or only incompletely) into account in the DDS reports. Second, 
the focus on the year-to-year changes in absolute numbers of subjects known to 
Califórnia state-funded Services detracts from more meaningful comparisons. 
For example, as at December 2002, the total of subjects with a PDD diagnosis 
was 17 748 in the 0-19 year age group (including 16 108 autism codes 1 and 2, and 
1640 other PDDs; Department of Developmental Services, 2003). The popula¬ 
tion of 0 to 19-year-olds in Califórnia was 10 462 273 injuly 2002. If one applies a 
rather conservative PDD rate of 30 per 10 000, one would expect to have 31 386 
subjects within this age group with a PDD living in Califórnia. These calculations 
do not support the “epidemic” interpretation. Rather, they suggest that children 
identified in the DDS database were only a subset of the population prevalence 
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pool and that the increasing numbers merely reflect an increasing proportion of 
children accessing Services. Third, no attempt was ever made to adjust the trends 
for changes in diagnostic concepts and definitions. However, major nosographi- 
cal modifications were introduced during the corresponding years with a general 
tendency in most classifications to broaden the concept of autism (as embodied 
in the terms "autism spectrum” or “pervasive developmental disorder”). Fourth, 
age characteristics of the subjects recorded in oíficial statistics were portrayed in 
a confusing manner where the preponderance of young subjects was presented 
as evidence of increasing rates in successive birth cohorts (Fombonne, 2001). The 
problems associated with disentangling age from period and cohort effects in 
such observational data are well known in the epidemiological literature and can 
be handled more effectively as in recent studies (Gurney et al., 2003; Newschaf- 
fer et al., 2005). Fifth, the decreasing age at diagnosis leads in itself to increasing 
numbers of young children being identified in official statistics or referred to 
already busy specialist Services. Earlier identification of children from the preva- 
lence pool may result in increased Service activity; however, it does not mean 
increased incidence. 

Another study of this dataset was subsequently launched to demonstrate the 
validity of the "epidemic” hypothesis (MIND Institute, 2002). The investigation 
was, however, flawed in its design. The authors relied on DDS data and aimed 
at ruling out changes in diagnostic practices and immigration into Califórnia as 
factors explaining the increased numbers. While immigration was reasonably 
ruled out, the study comparing diagnoses of autism and mental retardation over 
time was impossible to interpret in light of the extremely low (<20%) response 
rates. Furthermore, a study based only on cases registered for Services cannot rule 
out that the proportion of cases within the general population who registered 
with Services has changed over time. For example, assuming a constant incidence 
and prevalence at two different time points (i.e. there is no epidemic), the number 
of cases known to a public agency delivering Services could well increase by 200% 
if the proportion of cases from the community referred to Services rises from 25% 
to 75% in the interval. In order to rule out this (likely, see above) explanation, data 
over time are needed both on referred subjects and on nonreferred (or referred to 
other Services) subjects. Failure to do that precludes any inference to be drawn 
from a study of the DDS database to the Califórnia population (Fombonne, 
2003b). The conclusions of this report were therefore simply unwarranted. 

Some United Kingdom (UK) data also suggest that switches in diagnostic prac¬ 
tices between autism and specific developmental disorders (including language 
disorders) could also play a role (Jick & Kaye, 2003)although these findings have 
not been replicated in the United States (USA) (Newschaffer et al., 2005). 
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On the whole, evidence from these referral statistics is therefore very weak 
and certainly does not deserve the media attention that has been orchestrated 
around it. Accordingly, proper epidemiological surveys are needed in order to 
assess secular changes in the incidence of a disorder. 

2 Comparison of cross-sectional epidemiological surveys 

Because of their cross-sectional methodology, most epidemiological investiga- 
tions of autism have all been concerned with prevalence. As shown earlier, epi¬ 
demiological surveys of autism each possess unique design features which could 
account almost entirely for between-studies variations in rates; time trends in 
rates of autism are therefore diíhcult to gauge ffom published prevalence rates. 
The significant correlation previously mentioned between prevalence rate and 
year of publication could merely reflect increased efhciency over time in case 
identification methods used in surveys as well as changes in diagnostic concepts 
and practices. Thus changes in diagnostic practices were reported in Magnusson 
and Saemundsen s study (2001) where ICD-9 rates for the oldest cohorts born in 
the years 1964-83 were lower than the ICD-10 rates of the most recent 1984-92 
birth cohorts. Similarly, lower rates in the oldest birth cohorts were thought 
to reflect changes in diagnostic practices and boundaries in Webb et aí/s study 
(1997). One large survey recently conducted in the UK (study 24) also docu- 
mented a steep rise in the number of cases diagnosed with autism or atypical 
autism, and a similar trend for AS. The interpretation of these trends is, however, 
unclear since there was no control of drift over time in diagnostic practices nor 
of changes in Service development. The impact of changes in diagnostic criteria 
on rates of autism is best illustrated in the Finnish survey of Kielinen et aí. (2000) 
where a threefold increase in the rate of autism (ffom 2.3 to 7.6 per 10 000) was 
observed in 15 to 18-year-olds when either KanneTs criteria or ICD-10 spectrum 
criteria were applied to the same survey data. 

The most convincing evidence that method factors could account for most of 
the variability in published prevalence estimates comes from a direct comparison 
of eight recent surveys conducted in the UK and the USA (Table 2.6). In each 
country, four surveys were conducted around the same year and with similar 
age groups. As there is no reason to expect huge between-area differences in 
rates, prevalence estimates should therefore be comparable within each coun¬ 
try. However, an inspection of estimates obtained in each set of studies (see Table 
2.6, right-hand column) shows a sixfold variation in rates for UK surveys, and a 
14-foldvariationinUS rates. In each set of studies, high rates derive ffom surveys 
where intensive population-based screening techniques were employed whereas 
lower rates were obtained from studies relying on administrative methods for 
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Table 2.6 Study design impact on prevalence 



Location 

Size 

Age group 

Method 

PDD rate/ 

10 000 

UK studies 

Chakrabarti & 

Stafford shire 

15 500 

2 v 2 —óV 2 

Intense screening + 

62.6 

Fombone, 2001 

Bairdetfll., 2000 

South-east Thames 

16 235 

7 

assessment 

Early screening+follow- 

57.9 

Fomborme et al., 

England and Wales 

10 438 

5-15 

up Identification 

National household 

26.1 

2001 

Taylor et al., 1999 

North Thames 

490 000 

0-16 

survey of psychiatric 

disorders 

Administrative records 

10.1 

US studies 

Bertrand et ai., 

Brick Township, NJ 

8 896 

3-10 

Multiple sources of 

67 

2001 

Sturmey & 

Texas 

3 564 577 

6-18 

ascertainment 

Educational Services 

16 

James, 2001 

DDS, 1999 

Califórnia 

3 215 000 

4-9 

Educational Services 

15 

Hillman et al., 

Missouri 

- 

5-9 

Educational Services 

4.8 

2000 







PDD: pervasive developmental disorders. 


case-finding. Since no passage of time was involved, the magnitude of these gra- 
dients in rates can only be attributed to differences in case-identification methods 
across surveys, and the replication of the pattern in two countries provides even 
more confidence in this interpretation. Thus, following this analysis of recent 
and contemporaneous studies, it should become obvious that no inference on 
trends in the incidence of PDDs can be derived from a simple comparison of 
prevalence rates over time, since studies conducted at different periods are likely 
to differ even more with respect to their methodology 

The next two approaches are in essence comparable to this one although 
specific attempts are made to maintain some design features of surveys constant. 

3 Repeat surveys in defined geographical areas 

Repeated surveys, using the same methodology and conducted in the same geo¬ 
graphical area at different points in time, can potentially yield useful information 
on time trends provided that methods are kept relatively constant. The Gõteborg 
studies (Gillberg, 1984; Gillberg et al, 1991) provided three prevalence estimates 
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which increased over a short period from 4.0 (1980) to 6.6 (1984) and 9.5 per 
10 000 (1988). However, comparisons of these rates is not straightforward as dif- 
ferent age groups were included in each survey. For example, the rate in the first 
survey for the youngest age group (which resembles more closely the children 
included in the two other surveys) was 5.1 per 10 000. Second, the increased 
prevalence in the second survey was explained by improved detection among 
the mentally retarded, and that of the third survey by cases born to immigrant 
parents. That the majority of the latter group was born abroad suggests that 
migration into the area could be a key explanation. Taken in conjunction with a 
change in local Services and a progressive broadening of the definition of autism 
over time acknowledged by the authors (Gillberg et al, 1991), these findings do 
not provide evidence for an increased incidence in the rate of autism. 

Two separate surveys conducted on children born in 1992-95 and 1996-98 
in Staffordshire, UK (see Table 2.1; studies 32 and 36) were performed with 
rigorously identical methods for case definition and case identification. The 
prevalence for combined PDD was comparable and not statistically different in 
the two surveys (Chakrabarti & Fombonne, 2005), suggesting no upward trend 
in overall rates of PDD during the studies’ time interval. 

4 Successive birth cohorts 

In large surveys encompassing a wide age range, increasing prevalence rates 
among the most recent birth cohorts could be interpreted as indicating a secular 
increase in the incidence of the disorder, provided that alternative explanations 
can confidently be ruled out. This analysis was used in two French surveys (studies 
17 and 20), which derived from large sample sizes. In the first study (study 17), 
prevalence estimates were available for the two birth cohorts of children born in 
1972 and 1976 surveyedin 1985-86. The rates were similar (5.1 and 4.9 per 10 000) 
and not statistically different (Fombonne & du Mazaubrun, 1992). Furthermore, 
in a subsequent investigation conducted in 1989-90 in exactly the same areas, 
the age-specific rate of autism for the 1981 birth cohort was slightly lower (3.1 
per 10 000) (Rumeau-Rouquette et al, 1994). In any instance, the findings were 
not suggestive of increasing rates in the most recent cohorts. Another survey 
conducted with the same methodology, but in different French regions a few 
years later (study 20), led to a similar overall prevalence estimate as compared 
to the first survey (see Table 2.1). The latter survey included consecutive birth 
cohorts from 1976 to 1985, and, pooling the data of both surveys, age-specific 
rates showed no upward trend (Fombonne et al, 1997). Some weight should be 
given to these results as they derive from a total target population of 735 000 
children, 389 of whom had autism. However, the most retarded children with 
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autism were reflected in these studies and, as a consequence, any upward trend 
which would apply specifically to high-functioning subjects might have gone 
undetected. 

A recent analysis of special educational disability from Minnesota showed a 
16-fold increase in the number of children identified with a PDD from 1991-92 
to 2001-02 (Gurney etal, 2003; study 39). The increase was not specific to autism 
since during the same period an increase of 50% was observed for all disability 
categories (except severe mental handicap), especially for the category including 
attention déficit and hyperactivity disorder. The large sample size allowed the 
authors to assess age, period, and cohort effects. Prevalence increased regularly 
in successive birth cohorts; for example, amongst 7-year-olds, the prevalence 
rose from 18 per 10 000 in those born in 1989, to 29 per 10 000 in those born 
in 1991 and to 55 per 10 000 in those born in 1993, suggestive of birth cohort 
effects. Within the same birth cohorts, age effects were also apparent since for 
children born in 1989 the prevalence rose with age from 13 per 10 000 at age 6, to 
21 per 10 000 at age 9, and 33 per 10 000 at age 11. As arguedby the authors, this 
pattern is not consistent with what one would expect from a chronic nonfatal 
condition diagnosed in the first years of life. Their analysis also showed a marked 
period effect that identified the early 1990s as the period where rates started to 
increase in all ages and birth cohorts. Gurney et al. (2003) further argued that 
this phenomenon coincided closely with the inclusion of PDDs in the federal 
Individual with Disabilities Educational Act funding and reporting mechanism 
in the USA. A similar interpretation of upward trends had been put forward by 
Croen et al. (2002) in their analysis of the Califórnia DDS data and in a nationwide 
analysis of special education data on US children 6 to 17 years of age (Newschaffer 
et al, 2005). 


5 Incidence studies 

Only three studies recentlyprovided incidence estimates (Kaye etal., 2001; Powell 
et al., 2000; Smeeth et al., 2004). All studies showed an upward trend in inci- 
dence over short periods of time. For example, in the largest study of 1410 
subjects, there was a 10-fold increase in the rate of first recorded diagnoses of 
PDDs in United Kingdom general practice medicai records from 1988-92 to 
2000-01 (Smeeth et al, 2004). The increase was more marked for PDDs other 
than autism but the increase in autism was also obvious. However, none of 
these studies' investigations could determine the impact of changes over time in 
diagnostic criteria, improved awareness, and Service availability on the upward 
trend. 
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Conclusion on time trends 

The available epidemiological evidence does not strongly support the hypothesis 
that the incidence of autism has increased. As it stands now, the recent upward 
trend in rates of prevalence cannot be directly attributed to an increase in the 
incidence of the disorder. There is some evidence that diagnostic substitution 
and changes in the policies for special education and the increasing availability 
of Services are responsible for the higher prevalence figures. Most of the existing 
epidemiological data are inadequate to properly test hypotheses on changes in 
the incidence of autism in human populations. Moreover, due to the low ffe- 
quency of autism and PDDs, power is seriously limited in most investigations 
and variations of small magnitude in the incidence of the disorder are very likely 
to go undetected. Future investigations should aim at setting up surveillance 
programs which will allow an estimate of the incidence of PDDs (as opposed 
to autism only) and to monitor its changes over time. It will be crucial to set 
up parallel investigations in different geographical areas in order to replicate 
findings across areas as a validating tool. Such programs should focus on age 
groups where the identification and diagnosis of the range of PDDs is less likely 
to fluctuate over time. Rapid changes in the age at first diagnosis and concerns 
about the validity and stability of diagnostic assessments among preschool sam- 
ples are required to focus on older age groups. On the other hand, changes in 
the autistic symptomatology in adolescence and difhculties in Service delivery 
to teenagers (and therefore in case identification) suggest that the focus should 
be on rather younger children. The school age years (7-12) should therefore 
be selected for efficient monitoring. Mandatory education at that age would 
facilitate identification, and potential difficulties in diagnosing high-functioning 
subjects would be minimized at the upper end of this age range. Diagnostic assess¬ 
ments should rely on standardized measures of known reliability and validity. 
Furthermore, developmental and phenomenological data should be collected 
at a symptomatic levei, and uniformly across the whole spectrum of PDDs, 
remaining free of particular nosological contingencies. Secondary application 
of diagnostic algorithms (current and/or future) on datasets containing detailed 
developmental and symptomatic data will then allow for meaningful compar- 
isons over time to be performed, with diagnostic groupings being held constant. 
Finally, good psychometric data on cognitive functioning will also be needed to 
assess trends in various subgroups in the light of the preliminary evidence that 
patterns of mental retardation in autism may be changing. Obviously, measures 
of risk factors hypothesized to exert causal influences for this group of disorders 
should also be incorporated in surveillance programs. 
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Other correlates 

Autism, race, and immigrant status 

Some investigators have mentioned the possibility that rates of autism might 
be higher among immigrants (Gillberg, 1987; Gillberg et al, 1991; Gillberg 
et al, 1995; Wing, 1980). Five of the 17 children with autism identified in the 
Camberwell, UK, study were of Caribbean origin (study 4; Wing, 1980) and the 
estimated rate of autism was 6.3 per 10 000 for this group as compared to 4.4 per 
10 000 for the rest of the population (Wing, 1993). However, the wide CIs associ- 
ated with rates from this study (see Table 2.1) indicate no statistically significam 
difference. In addition, this area of London had received a large proportion of 
immigrants from the Caribbean region in the 1960s and, under circumstances 
where migration flux in and out of an area is happening, estimation of popu¬ 
lation rates should be viewed with much caution. Yet, Afro-Caribbean children 
referred from the same area were recently found to have higher rates of autism 
than referred Controls (Goodman & Richards, 1995); however, the sample was 
again very small (n = 18) and differential referral patterns to a tertiary center also 
providing Services for the local area could not be ruled out. It is worth noting 
that only one child with autism was born from British-born Afro-Caribbean par- 
ents in a recent UK survey (study 21; Webb et al, 1997), providing little support 
to this particular hypothesis. Similarly, the findings from the Goteborg studies 
paralleled an increased migration flux in the early 1980s in this area (Gillberg, 
1987); they, too, were based on relatively small numbers (19 children from immi¬ 
grant parents). In the same geographical area, Arvidsson et al (1997; study 22) 
had five children out of nine in their sample with either both parents (n = 2) 
or one parent (n = 3) having immigrated to Sweden; however, there were no 
systematic comparisons with rates of immigrants in the population. It is worth 
noting that a positive family history for developmental disorders was reported 
in three such cases and a chromosomal abnormality in one further case. In the 
Icelandic survey (study 31), 2.5% ofthe autism parents were from non-European 
origin compared to a 0.5% corresponding rate in the whole population, but it 
was unclear if this represented a significam difference. In study 23, the propor¬ 
tion of children with autism and a non-European origin was marginally but not 
significantly raised as compared to the population rate of immigrants (8% vs. 
2.3%) but this was based on a very small sample (two children of non-European 
origin). A UK survey found comparables rates in areas contrasting for their ethnic 
composition (Powell et al., 2000). In the Utah survey, where a clear breakdown by 
race was achieved (Ritvo et al, 1989; study 15; see Table 2.1), the autism parents 
showed no deviation from the racial distribution of this State. The proportion 
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of nonwhites in this study and State was, however, noticeably low, providing 
little power to detect departures ffom the null hypothesis. Unfortunately, other 
studies have not systematically reported the proportion of immigrant or ethnic 
groups in the areas surveyed. However, in four studies where the proportions 
ofimmigrant groups were low (studies 11, 12, 19, and 21), rates of autism were 
in the upper range of rates. Conversely, in other populations where immigrants 
contributed substantially to the denominators (studies 14, 17, and 20), rates were 
in the rather low band. The analysis of a large sample (n = 4356) of Californian 
PDD children showed a lower risk of autism in children of Mexico-born mothers 
and a similar risk for children of mothers born outside the USA as compared to 
California-born mothers (Croen et al., 2002). In this study, the risk of PDD was 
raised in Affican-American mothers with an adjusted rate ratio of 1.6 (95% Cl 
1.5-1.8); by contrast, the prevalence was similar in white, black, and other races 
in the population-based survey of Atlanta (Yeargin-Allsopp et al., 2003) where 
case ascertainment is likely to be more complete than in the previous study. 

Taken altogether, the combined results of these reports should be interpreted 
in the specific methodological context of these investigations. Most studies had 
low numbers ofidentified cases, and especially small numbers of autistic children 
born ffom immigrant parents, and many authors in these studies relied upon 
broadened definitions of autism. Statistical testing was not rigorously conducted 
and doubts could be raised in several studies about the appropriateness of the 
comparison data that were used. Thus the overall proportion of immigrants in 
the population may be an inappropriate figure with which to compare observed 
rates of children ffom immigrant parents amongst autistic series; fertility rates 
of immigrant families are likely to be different ffom those in the host popula¬ 
tions and call for strictly age-adjusted comparisons of individuais at risk for the 
disorder. The proportion of immigrants in the entire population might seriously 
underestimate that for younger age groups, and, in turn, this could have given 
rise to false-positive results. In addition, studies sampling children through Ser¬ 
vices or clinicai sources may be biased as ethnicity and race are likely to affect 
differentially access to these settings. Studies were generally poor in their def- 
inition of immigrant status, with some unclear amalgamation of information 
on country of origin, citizenship, immigrant status, race, and ethnicity. Finally, 
it is unclear what common mechanism could explain the putative association 
between immigrant status and autism since the origins of the immigrant parents 
(especially in study 16; Gillberg & Gillberg, 1996) were very diverse and, in fact, 
represented all continents. With this heterogeneity in mind, what common bio- 
logical features might be shared by these immigrant families and what would be 
a plausible mechanism explaining the putative association between autism and 
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immigrant status? The possibility of an increased vulnerability to intrauterine 
infections in nonimmunized immigrant mothers was raised but not supported 
in a detailed analysis of 15 autistic children from immigrant parents (Gillberg & 
Gillberg, 1996). These authors instead posited that parents, and in particular 
fathers, aífected with autistic traits would be inclined to travei abroad in order 
to find female partners more naive to their social difficulties. This speculation 
was based, however, on three observations only, and assessment of the autistic 
traits in two parents was clearly not independently obtained. 

The hypothesis of an association between immigrant status or race and autism, 
therefore, remains largely unsupported by the empirical results. Most of the 
claims about these possible correlates of autism derived ffom post hoc observa¬ 
tions of very small samples and were not subjected to rigorous statistical testing. 
Large studies have generally failed to detect such associations. 

Autism and social class 

Twelve studies provided information on the social class of the families of autistic 
children. Of these, four studies (1, 2, 3, and 5) suggested an association between 
autism and social class or parental education. The year of data collection for these 
four investigations was before 1980 (see Table 2.1) and all studies conducted 
thereafter provided no evidence for the association. Thus the epidemiological 
results suggest that the earlier findings were probably due to artifacts in the 
availability of Services and in the case-finding methods, as already shown in 
other samples (Schopler et ai, 1979; Wing, 1980). 

Cluster reports 

Occasional reports of space or time clustering of cases of autism have raised 
concerns in the general public. In fact, only one such report has been published 
in the professional literature (Baron-Cohen et al, 1999) which described seven 
children with either autism or PDD-NOS living within a few streets of each other 
in a small town in the British Midlands. The cluster was first identified by a parent 
and the subsequent analysis was uninformed with proper statistical procedures 
and inconclusive as to whether or not this cluster could have occurred by chance 
only. The comparison of the incidence or prevalence rate within the cluster to 
that of the general population (as performed by Baron-Cohen et al, 1999) is 
an inappropriate technique to assess cluster alarms since, by definition, a pre- 
selection bias occurs inthe delineation ofthe cluster boundaries (Kulldorf, 1999). 
Thus finding an increased incidence or prevalence rate ratio in a cluster does not 
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prove anything; this erroneous approach has been referred to in the literature as 
the Texan sharpshooter effect, referring to the gunman who shot first and then 
painted a target around the bullet hole. On the other hand, a negative finding 
would certainly suggest a random phenomenon. 

When cluster alarms are associated to a possible causal mechanism, it is recom- 
mended to perform focused tests of clustering at other suspected sources of risk 
exposure. For example, the cluster alarms for childhood leukemia occurring near 
a nuclear plant in England were followed by investigations of disease incidence 
at other nuclear plants, which proved to be negative (Hoffmann & Schlattmann, 
1999). However, the potential source of the cluster alarm is not always identi- 
fied and, in these instances, it is suggested that the incidence of future cases is 
monitored in the area of first alarm. Chen et al. (1993) have outlined post-alarm 
monitoring techniques, which allow the confirmation or rejection of alarms, 
based on the observation of the time intervals preceding each of the first five 
cases diagnosed subsequent to the alarm. The approach is a confirmatory tech- 
nique, which ignores the cluster alarm data and thus avoids the aforementioned 
pre-selection bias. Other techniques, such as space-time scan statistics (Kulldorf, 
1999), exist which can confirm or reject a cluster alarm by extending the investi- 
gation to a larger area while avoiding selection biases, adjusting for population 
density, confounding variables and multiple testing, and allowing for the precise 
location of clusters. 

Cluster alarms are likely to represent random occurrences in most instances, 
as illustrated by several recent investigations of cluster alarms for other rare 
disorders of childhood. Cluster alarms in autism have not been investigated with 
scientific rigor whereas research strategies and ad hoc statistical procedures exist 
for that purpose. The approach to such cluster alarms should be to confirm the 
alarm in the first place, using the available techniques to assess the significance 
of clusters and to exclude random noise in spatial and time distribution of the 
disorder. It is only when an alarm has been confirmed that more complex epi¬ 
demiological investigations should be set up to investigate riskfactors and causal 
mechanisms. 


Conclusion 

Epidemiological surveys of autism and PDDs have now been carried out in 
several countries. Methodological differences in case definition and case-finding 
procedures make between-survey comparisons difficult to perform. Neverthe- 
less, in spite of these differences, some common characteristics of autism and 
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PDDs inpopulation surveys have emerged with some consistency. Autism is asso- 
ciated with mental retardation in about 70% of the cases and is overrepresented 
among males (with a male:female ratio of 4.3:1). Autism is found in association 
with some rare and genetically determined medicai conditions, such as tuber- 
ous sclerosis. Overall, the median value of about 5.5% for combined rate of 
medicai disorders in autism derived from this review is consistent with the 5% 
(Tuchman et al, 1991) to 10% (Rutter et al., 1994) figures available from other 
investigations. A majority of surveys has ruled out social class as a risk factor 
for autism, a result once supported by studies of clinicai, i.e. less representative, 
samples. The putative association of autism with immigrant status or race is, 
so far, not borne out by epidemiological surveys. The conclusion of a lack of 
variation in the incidence of autism according to race or ethnicity is reached, 
however, from a weak empirical base and future studies might address this 
issue more efficiently. In fact epidemiological surveys of autism and PDDs have 
generally been lacking sophistication in their investigation of most other risk 
factors. 

The same considerations apply to the issue of secular changes in the incidence 
of autism. The little evidence that exists does not support this hypothesis, but 
the power to detect time trends is seriously limited in existing datasets. The 
debate has been largely confounded by a confusion between prevalence and 
incidence. While it appears that prevalence estimates have gone up over time, 
this increase most likely represents changes in the concepts, definitions, Service 
availability, and awareness of autistic-spectrum disorders in both the lay and 
professional public. To assess whether or not the incidence has increased, method 
factors which account for an important proportion of the variability in rates 
must be tightly controlled. Nevertheless, the current prevalence estimates carry 
straightforward implications for current and future needs in Services and early 
educational intervention programs. 
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Introduction 

Reviewing psychological factors in autism presents a major challenge, given the 
vast amount of research that has accumulated over the past 50 years. In that 
time we have moved frorn largely speculative notions of what underlies the 
puzzling set of symptoms that children with autism present to us (Kanner, 1943) 
to a comprehensive knowledge of their strengths and weaknesses in a broad 
range of psychological domains. Our understanding of psychological factors has 
informed increasingly well-designed and productive approaches to the education 
and treatment of children with autism, so that theory and practice can build on 
each other in a synergistic way This review of psychological aspects of autism 
is divided into sections covering the major domains of perception, cognition, 
affect, language, social behaviors, and neuropsychological factors. 

One important issue that needs to be kept in mind concerns the powerful 
and pervasive influence of levei of functioning on the symptoms, behaviors, and 
capabilities of children with autism. Low- and high-functioning children with 
autism are both similar in their core déficits, and very different in their adaptive 
levei, and this makes some of our conclusions about psychological factors rather 
qualified. While the central social and communicative déficits may be common, 
there are clear differences in leveis and profiles of abilities across the range of 
severity of autistic conditions; these differences affect adaptive behavior as well 
as intervention opportunities and outcome in later life. Since the first edition 
of this book there has been a surge of publications focusing on children at 
the upper end of what is currently termed a "spectrum of autistic disorders,” 
that is those children with high-functioning autism and Aspergeks syndrome. 
These recent developments have served to highlight even further the differences 


69 


Autism and Pervasive Developmental Disorders, 2nd edn, ed. Fred R. Volkmar. 
Published by Cambridge University Press. © Cambridge University Press 2007. 



70 Autism and Pervasive Development Disorders 


between children functioning at different leveis, perhaps most notably in the 
picture presented by children with Aspergers syndrome. 

Children with Aspergebs syndrome or high-functioning autism share key 
symptom criteria for autism, but they are generally at the upper end of the spec- 
trum in terms of their cognitive and language capacities and they are also less 
severely socially impaired. So far, the data indicate that the similarities between 
high-functioning autism and Aspergebs syndrome may well outweigh any dif- 
ferences, and hence it is debatable whether they require separate diagnostic cat- 
egories on the basis of current research data (Mayes & Calhoun, 2003a). There 
is currently a very active area of research which focuses on putative distinguish- 
ing features of autism and Aspergebs syndrome or, alternatively, seeks evidence 
which supports the validity of a "spectrum of severity” heuristic (Gillberg & 
Gillberg, 1989; Ozonoff et al., 1991; Szatmari et al ., 1989, 1995). Recent papers 
by Mayes et al. (2001), Miller and Ozonoff (1997), Tager-Flusberg (2003) and 
numerous others lead to the conclusion that there are no clear, reliable, or 
valid clinicai or empirical ways of separating Aspergebs syndrome frorn high- 
functioning autism; rather Aspergebs syndrome should be considered as part of 
the spectrum (Frith, 1991). 

A variety of standard neuropsychological tests are now available which are 
suitable for assessing the cognitive capacities of high-functioning individuais 
with autism spectrum disorders (ASDs). One of the challenges in continuing 
research on psychological factors of autism is to develop experimental designs and 
measures which will expand further investigation of the problems for the lower- 
functioning children, who are in the majority but who are unable to participate 
in the more sophisticated tests. Nevertheless, the creativity and ingenuity shown 
by researchers in autism, in designing ways of exploring key psychological factors 
in a seriously handicapped population, is a feature of this field. 


Sensorimotor and perceptual development 

Many early studies of children with autism investigated their sensory and per¬ 
ceptual abilities. As this disorder is of very early onset, it seems reasonable to 
suggest that perceptual development at its most basic levei is disturbed in some 
way. Overall, both earlier and recent studies converge towards the conclusion that 
basic sensory and perceptual abilities are not fundamentally abnormal. Never¬ 
theless, children with autism are well known for their deviant response patterns 
to various kinds of sensory stimuli, and both under- and overresponsiveness 
are seen, not only to differing degrees within the autistic population, but even 
within the one child. Disturbed perception of auditory stimulation, including 
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voice perception, has been particularly noted (Dawson et al., 1998; Klin, 1991; 
Prior, 1979). 

Many low-functioning children show sensory anomalies similar to those seen 
in sensorily handicapped children, such as peculiar and perseverative gazing at 
lights or moving fans; running water or sand through their hands repetitively; 
peering closely andpersistently at objects; and flicking fingers in front of the eyes. 
A study of young low-functioning children with autism based on observations 
via home movies reported by Losche (1990) suggested that sensory motor devel- 
opment was normal at least during the infancy period, but that with increasing 
age children with autism showed increasing delays and even regressions in their 
development, with aimless and stereotyped behavior particularly being a feature. 

Testing young children with autism using Piagetian scales of sensorimotor 
development indicates that they develop normal object permanence, but show 
notable déficits invocai and gestural imitation (Sigman & Ungerer, 1984). These 
déficits appear to diminish with age and with verbal skill development (Morgan 
et al., 1989). Children with autism often develop adequate rote learning abil- 
ity (figurative schemas of representation according to Piagetian theory), at least 
commensurate with their mental age levei (Green et al ., 1995), but do not develop 
operative representation, or the ability to form and manipulate symbolic mate¬ 
rial, and do not develop conceptual structures. Hence, for a high proportion of 
children with autism, there is a low ceiling on their sensorimotor and cognitive 
development. 

The acquisition ofimitation and language skills is associated with more sophis- 
ticated leveis of Piagetian-type skills such as means-end reasoning (Abrahamsen 
& Mitchell, 1990). Lack of imitation skills is a notable feature of autism and is a 
distinguishing diagnostic characteristic. Deficiencies are apparent from the first 
year of life (Prior et al ., 1975) when the normally expected simple imitative games 
do not appear. Difficulties in using gestures and in imitating communicative and 
social behaviors are persistent and pervasive (Wing, 1976, 1981), except per- 
haps in the very highest functioning children. Ohta (1987), Sigman and Ungerer 
(1984), and Hertzig et aí. ( 1989) have all reported autism-specific imitation déficits 
in comparative studies covering motor, vocal, sensorimotor, symbolic, and affec- 
tive behaviors across a range of ages. Recent research has questioned whether 
the déficits are due to conceptual and symbolic impairments, or perhaps to more 
basic problems with organizing, coordinating, and integrating body movements 
(Rogers & Williams, 2006). Smith and Bryson (1994) in reviewing imitation 
and action in autism have suggested that difficulties with motor imitation are 
characteristic of children with other developmental disorders, especially those 
involving language impairments; hence at least some of the difficulties may be 
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nonspecific. The relations are complex as these impairments seem to be present 
even when other areas of cognitive and language functioning are relatively pre- 
served (Green et ai, 2002; Manjiviona & Prior, 1995), and some groups with 
similar leveis of language impairment and mental retardation, such as children 
with Dowhs syndrome, nevertheless show good imitation skills (Prior, 1977). 

The other salient line of argument is that children with autism have repre- 
sentational déficits, and hence imitation and action déficits may be the product 
of lack of social cognitive abilities, which are necessary for the understanding 
of why and how imitation works in the social and communicative domain. The 
"chicken and egg” problem here is one that requires prospective studies of very 
young children with autism, in which stages of development of various skills, 
and the sequence of their emergence, can be minutely tracked. 

Most researchers would agree with Shapiro and Hertzig (1991) that it is '‘inte- 
grative déficits” that are central to any sensory and perceptual dysfunction, i.e. 
the child with autism is unable to coordinate and integrate varying kinds of 
sensory input to form a coherent functional picture of the world. This applies 
across all modalities and may be fundamental to all of the other déficits. Temple 
Grandin, an adult with autism, in reflecting on her early life has described her 
experience as “sensory jumbling” (Grandin, 1995), an expression that seems to 
describe well the problems for children with autism. However, paradoxically it 
is also often observed that children with autism can show extraordinary sen- 
sitivity to miniscule changes to particular patterns which are associated with 
their obsessive behavior, for example, in arrangements of objects or minor flaws 
in well-known visual stimuli. This "enhanced” perception usually involves low- 
level processing of particular features and is commonly domain-specific rather 
than generalized. 

Mottron and Burack (2001) have drawn attention to the fact that savants with 
autism can show greatly enhanced perceptual abilities in their specific skills 
such as pitch perception and drawing. Plaisted and colleagues (1998) gave adults 
with autism novel discrimination problems presented in a computerized task. 
The task had multiple conditions, starting with simple discrimination training, 
then learning key experimental stimuli (beachball circles in different positions), 
then training in stimulus discrimination, and lastly to the criticai tests of dis¬ 
crimination between stimuli similar to those they had learned previously and 
completely novel stimuli. The participants appeared better able than nonautistic 
individuais both at the end of the pre-exposure phase and in the novel discrimi¬ 
nation condition, suggesting that they were better at processing unique features, 
while poorer at processing common features (see the later discussion on cen¬ 
tral coherence theory with reference to this point). Generally, the picture with 
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regard to perceptual development in autism is not a clear or straightforward one, 
with anomalies and idiosyncrasies within this population across developmental 
periods, which require further research. 


Motor development 

Evidence that children with autism show neurodevelopmental and motor abnor- 
malities has gathered steadily over the years. Early descriptions of these children 
suggested that they were graceful and skillful and had few signs of motor impair- 
ment. This was part of the puzzle relating to the origins of the disorder. Later 
systematic studies of motor performance in low-functioning cases, including 
those of DeMyer et al. (1972) and Jones and Prior (1985), uncovered clear signs 
of delayed or abnormal motor and sensorimotor development, however. Wing 
(1976) had also described clumsiness and difhculties in planning and executing 
organized motor programs such as riding a tricycle or managing more than 
one motor task at a time. Bennetto (1999), in reporting on the nature of motor 
imitation problems in children with high-functioning autism, noted basic motor 
functioning problems or dyspraxias which were significant handicaps to imi¬ 
tation (see also Rogers et al, 1996). Problems in producing gesture, either by 
imitation or spontaneously, may underlie the well-known failure of children with 
autism to use gesture to communicate like normal children. Motor dyspraxias 
and neurodevelopmental signs such as choreiform movements, balance prob¬ 
lems, gait abnormalities, and impaired body imitation abilities are confirmed as 
significant characteristics of autism (Damasio & Maurer, 1978; Goldstein et al, 
2001a; Manjiviona & Prior, 1995). 

Further, motor milestones are reported to be slow in a substantial proportion 
of cases (DeMyer et al, 1981), although it is unknown whether clearly neurolog- 
ically handicapped children with autism are different in other significant ways 
frorn those without measurable signs on these indices. There is increasing evi¬ 
dence that a significant proportion of children appear to have central nervous 
system (CNS) dysfunction along with their autism. For example, Noterdaeme 
et al (2002) compared children with autism with those who had language disorder 
and with Controls on a neurological examination. They found motor problems 
across balance, coordination, fine, gross and oromotor functions. Recent moves 
toward the use of more standardized tests of motor impairment have allowed 
improved assessment of motor development (Smith, 2000). Using standardized 
tests of motor impairment and including children with Aspergeks syndrome and 
higher-functioning autism as subjects (Ghaziuddin et al, 1994; Goldstein et al, 
2001b; Manjiviona & Prior, 1995), it has been shown that both groups show signs 
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of neuromotor clumsiness across a range of motor systems. These findings have 
been of particular interest given the belief that clumsiness is a marked feature 
of Aspergebs syndrome rather than autism, and that it might be a diagnostically 
differentiating sign. It appears that this belief is questionable (Prior, 2003). Mayes 
and Calhoun (2003a, 2003b) studied ability profiles in a substantial sample of 
children aged 3 to 15 years and found that the majority of children with IQs 
both above and below 80 had a reported history of normal motor development. 
Most children who achieved early motor milestones on time functioned in the 
normal IQ range in the school-age years. However, their graphomotor scores, 
as ascertained from testing with standard visuomotor tests, remained an area 
of weakness in ability profiles from early to later ages. In the academic domain, 
although the higher IQ group had normal range scores in numeracy and literacy, 
their written expression was a notable weakness. Ongoing problems with writ- 
ten work in the school curriculum, which of course requires fine motor skills and 
effort, were also documented by Manjiviona (2003) supporting the longer-term 
significance of such déficits, even in higher-functioning cases. 

A recent review of motor functioning in autism and Aspergebs syndrome 
(Smith, 2000) pointed to many anomalies and inconsistencies in the literature 
on this topic, and the need to evaluate the evidence in the context of the litera¬ 
ture regarding executive functioning problems (see below). It should be noted, 
though, that psychomotor slowness, poor coordination, and neurological signs 
are frequent in a range of nonautistic developmental disorders (Green et al, 
2002), hence their presence in autism signals impairments in neuromotor devel¬ 
opment as part of the biological basis for the disorder, rather than distinctive 
features of ASD. 


Attention 

Many investigations have documented attentional abnormalities in individuais 
with autism, but the déficits in this area appear rather different from those in 
other disorders. It has been noted in case studies and in the clinicai literature for 
many years that individuais with autism appear to have "overfocused” attention, 
responding only to a subset of environmental cues during learning situations, 
e.g. Lovaas et al. (1979). Several experimental paradigms have been used to 
explore this clinicai observation; for a review see Allen and Courchesne (2001). 
Déficits relative to Controls have been found in the shifting of attention between 
sensory modalities. In one study, average IQ adults with autism performed as 
well as typical Controls on a task that required no shifting of attention, but per¬ 
formance was over six standard deviations (SDs) below that of Controls when 
rapid alternation of attention between auditory and visual channels was required 
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(Courchesne et al, 1994). Several studies using the visuospatial orienting task of 
Posner (1980) have documented that people with autism take longer to disen- 
gage and move attention than Controls matched on ability (Casey et al, 1993; 
Townsend et al, 1999; Wainwright-Sharp & Bryson, 1993). New studies have 
also pointed to déficits in the size of the attentional spotlight, suggesting that 
the attention of people with autism is too narrow and takes longer than Controls 
to spread to peripheral spatial locations (Mann & Walker, 2003; Townsend & 
Courchesne, 1994; Townsend et al, 1996). These difificulties may underlie the 
executive dysfunction and weak central coherence processes discussed below. 

In contrast, a number of studies have suggested that the ability to sustain 
attention is a relatively spared function in autism, with normal performance on 
continuous performance tests found in several investigations (Buchsbaum et al, 
1992; Casey et al, 1993; Garretson et al, 1990). Individuais with autism have 
been shown to perform similarly to Controls on tests of selective attention as 
well, although they may use different neural networks to accomplish the task 
than the Controls do (Allen & Courchesne, 2003). A few studies have adminis- 
tered a battery of attention tests and confirmed both strengths in sustained and 
focused attention, and weaknesses in disengaging and shifting attention (Gold- 
stein et al, 2001; Noterdaeme et al, 2001). This profile of attentional strengths 
and weaknesses distinguishes children with autism ffom those with attention 
déficit hyperactivity disorder (ADHD). While children with ADHD have little 
difficulty disengaging and shifting attention (Swanson et al, 1991), they demon- 
strate severe impairment in sustaining attention and controling impulses. More 
work comparing children with autism to other clinicai groups is needed because 
attention déficits are such a ubiquitous phenomenon in a range of psychiatric 
disorders. As many less able children with autism are unable to participate in the 
common experimental tasks used to assess attention, there is a great challenge 
in finding ways to assess their problems objectively. 

Abnormal attentional processes in autism are highly likely to be associated 
with difificulties in understanding the meaning of environmental stimuli, leading 
to poor choices of what to attend to in the absence of clear directives, and strong 
tendencies to overfocus in an attempt to achieve some measure of control over 
overwhelming input. This in turn restricts adaptive learning and perpetuates the 
difificulties. 


General intellectual function 

It has long been stated that the majority of children with autism function intel- 
lectually in the mentally handicapped range (e.g. IQ < 70). In an initial and 
influential study, DeMyer et al. (1974) reported that close to half their sample 
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functioned in the severe-profound range of mental retardation (IQ < 35); one- 
quarter demonstrated abilities in the moderately handicapped range (IQ 35-50); 
a fifth functioned in the mildly retarded range (IQ 50-70); and only 6% obtained 
IQ scores in the nonretarded range (IQ > 70). More recent estimates suggested 
that approximately a quarter of children with autism function intellectually in 
the borderline range or above and do not demonstrate comorbid mental retar¬ 
dation (Freeman et al, 1985; Lord & Schopler, 1988). The low representation of 
higher-functioning cases in early samples is likely because there was not nearly 
as great a recognition of mild forms of autism as there is today. A recent epi- 
demiological study of a preschool-aged sample found that 31% with autism 
and 94% with other ASDs (such as Asperger s syndrome and pervasive devel- 
opmental disorder not otherwise specified) demonstrated IQ scores above the 
mentally handicapped range (Chakrabarti & Fombonne, 2001), suggesting that 
the higher-functioning forms of autism, with IQ > 70, may in fact be the more 
common form. In general, girls with autism obtain lower scores on intellectual 
tests and represent a smaller proportion of high-functioning cases than boys 
(Konstantareas etal, 1989; Lord & Schopler, 1985). 

Children with autism demonstrate a wide scatter of skills on intellectual 
testing. They perform least well on intellectual tasks that require language, 
abstract reasoning, integration, and sequencing (Green etal, 1995; Lincoln etal, 
1995). They tend to perform better on intellectual tasks that require visual-spatial 
Processing, attention to detail, and rote memory abilities (Green et ai, 1995; 
Lincoln etal., 1995). This general pattern of strengths and weaknesses contributes 
to a characteristic profile on intellectual testing. On standard intelligence tests 
such as the Wechsler scales, most studies report higher Performance than Verbal 
IQ (for a review see Lincoln et al, 1995). Intersubtest variability is the norm. 
Reflecting the strengths in visual-spatial processing and rote memory often seen 
in autism, scores on the Block Design, Object Assembly, and Digit Span subtests 
are often the highest in a profile (Asarnow et al., 198 7; Dennis etal, 1999; Freeman 
etal, 1985;Goldsteinetaí.,2001b;Happe, 1994a; Lincoln etal, 1988;Shah&Frith, 
1983, 1993). In contrast, the Comprehension subtest is often the lowest verbal 
score (Asarnow et al, 1987; Dennis etal, 1999; Freeman etal, 1985; Goldsteinet 
al, 2001b; Lincoln et al, 1988), reflecting déficits in conceptual reasoning, social 
judgment, and perhaps the ability to reason about others' minds (Happe, 1994a, 
1994b). Scores on the Picture Arrangement and Coding subtests are often the 
lowest in the Performance scale profile (Freeman et aí., 1985; Lincoln etal, 1988), 
probably associated with the sequential and analytical difficulties of autism. 
These patterns appear to be independem of IQ levei and severity of autistic 
symptomatology (Fein et al, 1985; Freeman et al, 1985; Lincoln et al, 1988) 
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and differentiate individuais with ASDs from those with learning disabilities 
(Goldstein et al, 2001b). Similar patterns are also obtained on other intelligence 
tests. For example, on the Kaufman Assessment Battery for Children, higher 
scores are obtained on both the Triangles subtest, a measure analogous to the 
Wechsler Block Design task, and Number Recall, similar to Digit Span (Allen 
et al, 1991). Similarly, profile patterns on the Stanford-Binet Intelligence Scales 
demonstrate highest performance on the Pattern Analysis subtest, a measure 
of visuospatial function, and lowest performance on the Absurdities subtest, 
a measure of verbal conceptual reasoning and social judgment (Carpentieri & 
Morgan, 1994; Harris et ai, 1990). 

These intellectual profiles have been suggested to be so consistent and univer¬ 
sal in children with autism that they can be used for diagnostic purposes. Lincoln 
et al. (1988: pp. 521-2) wrote, "... the pattern of subtest scaled scores should not 
provide the exclusive criteria to make the diagnosis of autism. It does appear, 
however, that the pattern of subtest scaled scores is robust enough to support 
history and other test results in developing a diagnosis in nonretarded children, 
adolescents, and adults suspected of having a disorder of autism.” However, in 
a large (n = 81) sample of high-functioning adults (Full Scale IQ > 70) meeting 
research criteria for autism, only 20% had a significantly higher Performance 
than Verbal IQ and almost as many (16%) showed the opposite pattern (Siegel 
et al, 1996). Block Design was the highest subtest for only 22% and Comprehen- 
sion was the lowest for 33% of this sample. Similarly, in a group of 47 children 
with ASDs, all but 5 of whom met research criteria for autism, 62% demon- 
strated verbal-nonverbal intelligence discrepancies, which occurred equally in 
both directions (Tager-Flusberg & Joseph, 2003). So while there appear to be 
profiles that are common within the autism spectrum, they should never be 
used for diagnostic purposes. 

There has been some suggestion that the cognitive profile of individuais with 
Aspergehs syndrome may differ from that of autism. In his initial description of 
the syndrome, Asperger (1944) stated that the children he was studying were 
extremely clumsy and demonstrated delays in both gross and fine motor devel- 
opment. Motor déficits have been shown to correlate with poor visuospatial 
skills (Henderson et al, 1994), stimulating recent exploration of visuospatial 
functions in individuais with Asperger s syndrome. One study found that Verbal 
IQ was significantly higher than Performance IQ in a sample with Asperger’s 
syndrome (Klin et al, 1995), a pattern opposite to many findings in autism. 
Additionally, subjects with Asperger s syndrome in this study showed déficits on 
tests of fine and gross motor ability, visuomotor integration, visuospatial per- 
ception, visual memory, and nonverbal concept formation. Conversely, subjects 
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with high-functioning autism of similar overall IQ performed well on these tests, 
but demonstrated déficits on measures of auditory perception, verbal memory, 
articulation, vocabulary, and verbal output (Klin et al., 1995). However, several 
research teams have failed to replicate these findings (Ghaziuddin et al., 1994; 
Manjiviona & Prior, 1995; Mayes & Calhoun, 2003a; Miller & Ozonoff, 2000; 
Szatmari et al., 1995) so we reiterate our warning that IQ or cognitive profiles 
should not be used for differential diagnosis purposes. 

The IQ scores of individuais with autism are relatively stable across time 
and development. Correlations of IQ scores in preschool and school age are 
generally statistically significant and similar to values seen in nonhandicapped 
children (Lord & Schopler, 1988). Scores are more stable and predictive the older 
the age at initial assessment (Lord & Schopler, 1989). Scores can and do change, 
however, with a proportion of children changing IQ grouping leveis as they age 
(Freeman et al., 1991; Lord & Schopler, 1989; Mayes & Calhoun, 2003a), and in 
response to early intervention (Rogers, 1998). Thus, narrow categorization of 
intellectual levei based on early IQ scores may not be appropriate. However, IQ 
scores remain one of the best predictors of later outcome, with both early studies 
(Lotter, 1974; Rutter, 1984) and more recent investigations conducted during the 
era of widespread early intensive intervention (Freeman et al., 1999; Harris & 
Handleman, 2000; Stevens et al., 2000) upholding the finding that intelligence 
during preschool is significantly positively correlated with functional levei later 
in life. 


Academic functioning 

The performance profile seen on measures of academic function is consistent 
with that obtained on intellectual tests. Academic skills requiringprimarily rote, 
mechanical, or procedural abilities are generally intact, while those relying upon 
more abstract, conceptual, or interpretive abilities are typically deficient. For 
example, in the reading domain, Minshew and colleagues (1994) found that 
individuais with high-functioning autism performed as well as or better than 
normal Controls matched on age and IQ on tests of single-word oral reading, non- 
word reading, and spelling. These measures all require phonological decoding 
skills and thus indicate preserved or even advanced knowledge of grapheme- 
phoneme correspondence rules in autism. In contrast, subjects with autism 
performed less well than Controls on two measures of reading comprehension. 
This pattern, in its most extreme form, is called hyperlexia. This term is used 
to describe individuais with word recognition skills that are significantly better 


Psychological factors in autism 


than predicted by intellectual or educational levei. Excellent decoding skills are 
typically accompanied by relatively poor comprehension abilities (Silberberg & 
Silberberg, 1967). Hyperlexia has been documented in individuais with autism 
by anumber ofresearchers (Burdetaí., 1987; NationetaL, 2006; Tiroshôí Canby, 
1993; Welsh etal, 1987). 

The pattern is quite different írom that typically obtained by reading disabled 
individuais (Pennington, 1991; Vellutino, 1979). In two studies directly comparing 
the reading profiles of autism and dyslexia, subjects with dyslexia demonstrated 
déficits on phonological processing measures but strengths in comprehension 
and interpretation, while subjects with autism displayed the opposite pattern 
(Frith & Snowling, 1983; Rumsey & Hamburger, 1990). While there does appear 
to be a characteristic pattern of academic strengths and weaknesses, variability is 
very common and cautions against diagnosis-specific conclusions (Manjiviona, 
2003). 

There has been less empirical work examining mathematical and other aca¬ 
demic abilities in autism. Rumsey and Hamburger (1990) found that adult males 
with high-functioning autism performed as well as matched normal Controls and 
better than dyslexic individuais on a test of arithmetical calculation. Similarly, 
Minshew and colleagues (1994) found that high-functioning individuais with 
autism performed as well as Controls on math computation tasks. Interestingly, 
in this study subjects with autism showed no déficits in applied aspects of math, 
thus failing to demonstrate the same discrepancy between mechanical and con¬ 
ceptual abilities apparent in the reading realm. This finding requires independent 
replication by other research teams, but may suggest that math is a relatively 
spared academic ability in high-functioning cases of autism. 

Investigators have also examined age differences in performance on academic 
tests. Goldstein et al. (1994) compared children with autism to adolescents/ adults 
with autism of similar IQ levei. They found that both age groups performed bet¬ 
ter on measures of phonological decoding and math than on measures of reading 
comprehension and abstract, complex reasoning. In comparison with matched 
normal Controls, some interesting differences as a function of age emerged. 
Younger subjects with autism performed as well as Controls on most tests, but 
older individuais with autism performed significantly less well than matched Con¬ 
trols on many of the same measures. These fmdings may reflect the kinds of skills 
emphasized in the educational system across the course of development. School- 
workin the early years emphasizes mastery ofrote, mechanical procedures (such 
as letter-sound correspondences), and multiplication tables. Later educational 
curricula, on the other hand, highlight comprehension, conceptualization, and 
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analysis skills. Therefore, as Goldstein etal. (1994) suggest, individuais with high- 
functioning autism may perform as well as peers until grade leveis in which 
abstractive, interpretive skills are emphasized, at which point they fali behind 
(Prior, 2003). 

Predictors of school achievement in people with autism have also been studied. 
Venter et al. (1992) found that performance on academic tests in adolescence was 
significantly predicted by early nonverbal IQ and functional speech before the 
age of 5 years, while the severity of repetitive, stereotyped behavior in preschool 
was negatively correlated with later academic achievement. Similar findings 
regarding the validity of IQ, as well as severity of autism, in predicting academic 
achievement were reported by Eaves and Ho (1997). 

These studies suggest that high-functioning individuais with autism perform 
capably in a number of academic domains, at least relative to others of similar 
intellectual and mental age levei. Déficits are not universal and tend to cluster in 
areas requiring conceptual and abstract reasoning. This mirrors the character- 
istic profile obtained on measures of intellectual function (Lincoln et al., 1995). 
However, academic variability is common and academic profiles should not be 
used diagnostically, just as intellectual profiles should not. 

Idiot savant or splinter abilities 

Early studies of autism and its particular characteristics highlighted cases where 
there were "islets of ability” or splinter skills in a background of general intellec¬ 
tual disability. This was likened to examples of idiot savant abilities documented 
in the mental retardation literature for some time. Rimland (1978) suggested 
that these cases should be called "autistic savants.” He reported that about 10% 
of people with autism showed some high-level special ability or in some cases 
more than one savant ability. The particular association between savant abilities 
and autism is demonstrated by the fact that the estimate of such cases in the 
mentally retarded population is about 1 in 2000 (Hill, 1977, cited in Pring et al., 
1995). Their special talents are notable for the fact that they are of little help in 
other cognitive and social domains of their lives. 

The kinds of talents described in autistic savants include mathematics, espe- 
cially "lightning calculation,” music, art, mechanical ability, calendrical calcu- 
lation, memory, and geographical knowledge (maps, routes, etc.). The most 
common in this list according to Rimland's (1978) study are musical, memory, 
artistic, mathematical, geographical, and pseudoverbal abilities (remembering, 
spelling, and pronouncing, but not understanding words). (The latter is probably 
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what is currently called "hyperlexia” although the term is often used in the con- 
text of normal intellectual ability.) Most of these cases showed their gifts by the 
age of 4 years, and had reached their peak by 10 according to parental reports. 
The autistic savants are usually functioning in the intellectually disabled range 
and are unable to describe or explain their abilities (but for counterexamples on 
this last point, see Pring et al., 1995). Rimland, in seeking theoretical and biologi- 
cal explanations for this phenomenon, stressed the ability of these individuais to 
concentrate intensely on their interests, to fixate on details, and to demonstrate 
abnormal memory processes. 

The research group of Hermelin, (TConnor, and colleagues in the United 
Kingdom (UK) has provided sophisticated analyses of some autistic savant tal- 
ents using experimental methods to try to identiíy the processes involved and 
their relations to facets of intelligence. They report that preoccupations or obses- 
sions and repetitive behavioral tendencies are closely associated with idiot savant 
abilities (Hermelin & (TConnor, 1991). Their experiments indicate that autis¬ 
tic savants do use cognitive strategies such as following simple rules to help 
them in recall and to calculate dates, for example; furthermore, they are able 
to abstract, a capacity which is usually extremely limited in the general autistic 
population (CTConnor, 1989). A study of calendrical calculators ((TConnor & 
Hermelin, 1984) suggested that their exceptional ability was not based just on 
rote memory for dates and days, but involved "rule-governed calculations and 
strategies,” and that speed of access to the correct calendar information was 
influenced by the distance of the date to be recalled ffom the present. Musical 
savants have illustrated a cognitive style of focusing on parts rather than wholes 
in playing heard music ffom memory. They were very accurate and were able to 
preserve the structure of the music, reminiscent of the facility with calendrical 
rules demonstrated in calendrical calculators. 

In seeking explanations for exceptional artistic ability, Pring et al. (1995) empha- 
sized the fact that a substantial proportion of those with autism show notable 
superiority with block design tasks by comparison with other subtests of intel¬ 
ligence, which suggests that they have a special ability to segment a holistic 
stimulus into its component parts (see “Central coherence” from p. 106). This, 
they argue, can be especially significant in drawing and painting, and is an ability 
that appears to be independent of general intelligence in artistically talented 
people. A parallel argument can be made with regard to musical ability and 
the particular facility with pitch discrimination (i.e. subcomponents of music) 
within a musical "gestalt,” which has been described (Hermelin, 2001). Such dis- 
sociations may also be important in, for example, geographical abilities, where 
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individuais can remember with absolute fidelity the details of particular streets, 
places, maps, and routes no matter how unusual or obscure they might be. 
Hermelin’s group has linked such abilities to Fritffs (1989) "central coherence” 
theory in which the core déficit in autism is seen as a failure to derive coherence 
(meaningful wholes) from the information they may apprehend, leaving them 
prone to "modular” (noncoherent) abilities (see further discussion on this in the 
final section of the chapter). 

In a recent monograph providing an overview of many studies of autistic savant 
abilities, Hermelin (2001) draws out valuable insights from in-depth examination 
of the abilities of particular cases, carried out by the UK group. Their series of ele- 
gant, well-controlled, and systematic investigations have immensely enhanced 
our understanding of these extraordinary modular abilities of artists, musicians, 
and mathematicians with autism. Hermelin concludes that IQ does have some 
influence on abilities, at least in some domains of savant abilities, and further, 
that the capacity to make use of repetitive rules, predictability, and intense focus 
on particular "parts” rather than “wholes” of information (for example, in calcu- 
lating dates or remembering information such as detailed bus routes), fits with 
many core behavioral and cognitive characteristics of autism. She notes that 
with all her cases it is the engagement in the activity that counts, rather than any 
finished product or its affective or esthetic value. Some of Hermelin’s accounts 
also illustrate that creativity and the ability to generate new forms and ideas, 
as in music, are not absent in the pattern of savant abilities. This is contrary 
to the results obtained from extensive psychological and executive functioning 
testing, and from social cognition experiments, which highlight impairment in 
such capacities, and suggests that in specific highly valued contexts these abilities 
may be elicited. 

Although there is minimal substantive evidence on differential outcome for 
autistic savants, Rimland (1978) has claimed that many of those who "recover” 
to some extent from their autism lose their exceptional abilities. A common 
feature of Aspergebs syndrome and high-functioning autism is an intense pre- 
occupation with special interests. Since by definition this is present in a context 
of normal or near-normal overall intellectual ability it does not have the sta- 
tus of a savant ability. However, like savants, such children are extraordinarily 
knowledgeable (and pedantic) about favorite topics (such as computers, trains, 
timetables, sports, astronomy, anatomy, geography, etc.), often in a nonfunc- 
tional way. Such individuais are rarely able to reflect upon and describe how 
they have acquired this knowledge. While specialized and detailed knowledge 
may enhance employment opportunities in some cases (Howlin, 2003), for most 
it lacks adaptive value. 
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Memory 

The memory of people with autism has been extensively studied. Some inves- 
tigators have suggested that autism is a primary disorder of memory, likening 
it to an amnesic syndrome (Bachevalier, 1994; Boucher & Warrington, 1976; 
DeLong, 1992; Hetzler & Griffin, 1981). This theory was first put forth by 
Boucher and Warrington (1976) who outlined the behavioral similarities between 
children with autism and animais with hippocampal and other medial temporal 
lesions. The amnesic analogy has received some support from anatomical data 
(AylwardetaL, 1999; Bauman & Kemper, 1985,1988; Saitohetaí., 2001; Salmond 
et al, 2003 ; White & Rosenbloom, 1992) and renewed interest due to the current 
popularity of an "amygdala” theory of autism (Baron-Cohen et al., 2000). The 
pattern of functioning on memory tests has also been proposed to be similar in 
patients with autism and amnésia (Bachevalier, 1994; Boucher & Warrington, 
1976; DeLong, 1992). Amnesic subjects typically demonstrate three patterns that 
have been hypothesized to also exist in autism: 

(1) intact short-term, rote, and recognition memory abilities; 

(2) reduced primacy but normal recency effects; 

(3) better performance under cued than free recall conditions. 

A number of experimental investigations have been carried out to explore the 
validity of this analogy and are reviewed below. 

Short-term, rote, and recognition memory 

In the opening paragraphs of his seminal paper describing the syndrome of 
autism, Kanner (1943) commented upon the extraordinary memories of the 
children he was describing, particularly their ability to recite long lists of items 
or facts. Many have suggested that the echolalic tendencies of children with 
autism indicate an above-average auditory rote memory (Hermelin & Frith, 
1971; Hermelin & CLConnor, 1970). Early experimental studies confirmed the 
observations that short-term and rote memorial processes were largely intact in 
autism. In a series of studies, Hermelin and Frith (1971) demonstrated that the 
short-term auditory memory of children with autism was as good as that of nor¬ 
mal and mentally handicapped individuais of similar mental age. Subjects with 
autism were as able to repeat back strings of words as the other groups, although 
there were some qualitative diíferences in how they did this (see below). Prior and 
Chen (1976) demonstrated that once subjects with autism, mental retardation, 
or typical development matched on mental age were equated for pre-existing 
list learning and acquisition diíferences, the three groups were equally capable 
of recalling both single items and lists in a visual memory task. They concluded 
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that differences in performance on memory tasks between samples with and 
without autism may be a function of learning and acquisition deficiencies rather 
than primary memory difficulties. 

Several studies have documented normal recognition memory in autism, in 
higher functioning, older participants (Bennetto et al., 1996; Beversdorf et al., 
2000), school-agedlower-functioning children (Barth et aí., 1995), andpreschool- 
aged children (Dawson et al., 2001). 

However, the rote memory ofpeople with autism appears to diverge from that 
of amnésia in the ability to learn paired associate lists. Boucher and Warrington 
(1976) found that children with autism were able to learn lists of word pairs as 
easily as typical children and better than Controls with mental retardation but of 
higher verbal ability Similar results on a paired associate learning taskhave been 
reported more recently by Minshew and Goldstein (2001) in high-functioning 
adolescents and adults with autism. This is in contrast to adults with amnésia, 
who typically demonstrate extraordinary difficulty on this type of learning task 
(Boucher & Warrington, 1976), thus weakening the strongest version of the 
autism-amnesia analogy. 

Primary versus recency effects 

CFConnor and Hermelin (1967) were the first to note that primacy effects in list 
learning tended to be weaker than recency effects in autism; these results were 
replicated by Boucher (1981). This pattern is also characteristic of adults with 
amnésia (Baddeley & Warrington, 1970). Hermelin and Frith (1971) attempted, 
unsuccessfully, to attenuate strong recency effects by composing sentences in 
which the beginning part of the word string was made up of meaningful sentence 
fragments, while the latter part was composed of random verbal material. The 
children with autism continued to demonstrate strong recency and weakprimacy 
effects even under these conditions. Deficient primacy but intact recency mem¬ 
ory has been replicated more recently by Renner et al. (2000). As recency effects 
rely more purely on rote auditory mechanisms, while recall of the first part of a list 
requires further processing and encoding of the material, less developed primacy 
effects in autism may be secondary to organizational and encoding impairments 
rather than to memory déficits per se, an issue to which we return below. 

Free versus cued recall 

Another suggested point of similarity between autism and amnésia is the finding 
that cued recall is significantly better than ff ee recall for both groups (Boucher & 
Warrington, 1976). Some studies have demonstrated that providing semantic or 
phonological cues improves recall (Mottron et al., 2001; Tager-Flusberg, 1991). 
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Others, however, have found mild impairments relative to Controls in both free 
and cued recall conditions, suggesting a general recall inefficiency in autism that 
is not specific to the method of testing retention (Minshew & Goldstein, 1993). 

Other patterns: the role of organization and meaning 

It has been suggested that individuais with autism encounter difficulty remem- 
bering material that requires further encoding, organization, or use of meaning 
to facilitate recall (DeLong, 1992; Minshew & Goldstein, 1993, 2001). In a pio- 
neering series of experiments, Hermelin, 0’Connor, and colleagues found that 
the advantage in remembering meaningful over random material typically seen 
in normally developing individuais is not apparent in autism, i.e. individuais with 
autism do not appear to use the syntactic and semantic cues that aid others in 
recalling material. For example, two studies demonstrated that children with 
autism were just as capable of recalling random verbal material, e.g. uncon- 
nected words, as they were of remembering meaningful sentences (Hermelin & 
Frith, 1971; Hermelin & 0’Connor, 1967). In contrast, matched mentally handi- 
capped children demonstrated a significant advantage in remembering words in 
the context of a meaningful sentence. Similarly, early studies demonstrated that 
children with autism did not semantically cluster or "chunk” related items when 
recalling word lists (Hermelin & Frith, 1971; 0’Connor & Hermelin, 1967). 

Later experiments clarified, however, that children with autism are not inca- 
pable of using semantic cues in recall, perhaps just less efficient in doing so, or less 
likely to use this strategy spontaneously. Fyífe and Prior (1978) failed to replicate 
earlier results, finding that children with autism recalled sentences significantly 
better than random word lists. Relative to Controls, however, recall of sentences 
was deficient, while recall of random material was adequate. Thus, while the 
group with autism did appear to make use of meaning in recall, their advantage 
was not as great as in the mentally handicapped or typically developing con- 
trol groups. Tager-Flusberg (1991) replicated this pattern, finding that recall of 
related and unrelated word lists was equivalent within the group with autism; 
however, their memory for meaningful material was less efficient than that of 
Controls. Thus the ability of people with autism to use meaning, structure, and 
semantic cues in recall may be poorer than that of matched Controls, but is by 
no means absent. 

Working memory 

Déficits in working memory have also been found in autism. Working memory is 
defined as the ability to maintain information in an activated, online State to guide 
cognitive processing (Baddeley, 1986). Typical working memory tasks require 
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subjects to simultaneously hold information online, process it, and store results 
for later recall, thus requiring a significant amount of organization and processing 
ofthe material tobe remembered. An initial study found that subjects with autism 
were significantly impaired relative to Controls on working memory tasks, but 
not on measures of short- and long-term recognition memory, cued recall, or 
new learning ability (Bennetto et ah, 1996). Later studies have not confirmed this 
finding, however. In an investigation by Russell and colleagues, a group with both 
autism and mental retardation did not differ from matched Controls on three 
measures of verbal working memory (Russell et al., 1996). No group differences 
were found in a higher-functioning sample, relative to matched comparison 
groups with Tourette's syndrome and typical development, on three tasks of 
working memory in another study (Ozono ff & Strayer, 2001). One hypothesis 
of the latter study was that performance would be more impaired on tasks 
of verbal working memory than on measures of nonverbal working memory. 
This prediction was not borne out and the group with autism performed as 
well as both comparison groups on all tasks, despite having a nonsignificant but 
still substantial IQ disadvantage of approximately two-thirds of an SD. Thus, at 
present, it is not clear whether working memory is a specific difficulty for people 
with autism and more research is needed. 

The evidence reviewed here suggests that autism is not a primary disorder 
of memory. Rather, difficulty appears to occur at the stage of encoding and 
organizing material. It is the overlay or additional requirement of higher-order 
processing that makes certain memory tasks difficult for people with autism. As 
summarized by DeLong (1992), the déficit does not appear to be an acquisition, 
storage, or retention impairment, but an interaction with the kind ofinformation 
being processed and the operations being performed on the information. As 
with attention, intellectual, and academic functions, memory déficits appear 
to be selective, rather than widespread and all-encompassing. Concrete, rote, 
and mechanical memory processes are spared - in some studies, even enhanced 
(Toichi & Kamio, 2002); once abstraction, organization, and use of meaning are 
required, however, performance declines (Minshew & Goldstein, 2001, Williams 
et al, 2006). 

Social development and behavior 

Impairments in perceiving and processing social and emotional cues in peo¬ 
ple and in the environment ff om the beginning of life seem to be at the heart 
of the disorder (Rutter, 1983). On the basis of a large epidemiological study 
of children with autism and developmental disorders, Wing and Gould (1979) 
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proposed that the déficits of children with autism were encompassed by a “triad 
of impairments” in imagination, communication, and socialization. This con- 
ceptualization is immediately appealing because it captures the core features 
across all leveis of functioning and it provides direction for exploring why these 
features might co-occur, and clues about the basis of the autistic disorder. In the 
remainder of this chapter, social behavior, communicative/language capacities, 
and theoretical approaches to bringing together research in these domains are 
the focus. 

Social impairments are apparent very early in life in the majority of cases. As 
infants, individuais with autism are reported as not cuddly but rather stiff and 
resistant to contact, or else passive and floppy. They do not mold their bodies in 
anticipation ofbeingpicked up. Some appear placid and undemanding ofhuman 
attention and are described as exceptionally "good” babies; others are difficult 
to manage, their needs are hard to identify and to satisfy, and they are difficult 
to comfort. 

Their self-isolation and lack of communication is sometimes interpreted as a 
sign of deafness even though they may show an unpredictable or idiosyncratic 
reaction to particular sounds. While earlier researchers (e.g. DeMyer, 1976) 
suggested that severely handicapped young children with autism do not discrim- 
inate between people, more recent research (e.g. Dissanayake & Crossley, 1996; 
Walters et aí. ,1990) has shown that children with autism do show responsiveness 
and attachment to familiar carers, at least at a levei consistent with their mental 
age. A number of studies during the last decade have reported evidence of attach¬ 
ment to carers in young children with autism that is not too dissimilar from that 
seen in nonautistic groups (Rogers etal, 1991; Sigmanet al, 1986). This has rep- 
resented a breakthrough in understanding, since for decades it had been widely 
believed that a central and causal mechanism in autism was a complete lack of 
bonding and attachment. This work suggests that their nonresponsiveness is not 
always "pervasive.” Attachment behavior can be seen across the spectrum in vari- 
ous forms but may be more likely to be observable in higher-functioning children. 

Nevertheless it is true that children with autism seek help and comfort less 
often than do normal and intellectually disabled children; they show less mutual 
eye contact, reduced attention to people and events, and more avoidant behavior. 
Contact is most ffequently "on their terms” (Wing, 1976). 

Aloofness, indifference, passivity, distractibility, and noncompliance, along 
with lack of cooperation and engagement in the activities of others, are charac- 
teristic of these children although this may vary on a continuum ffom almost 
totally withdrawn to occasional or "active but odd” contact based entirely on 
their own interests and needs (Wing & Gould, 1979). The severity of social 
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déficits is related to IQ and language capacities, with the lowest-functioning 
children the most difficult to engage. Children and adolescents with Aspergehs 
syndrome may be aware of their social deficiencies; they often desire and seek 
interaction (Attwood, 1998; Howlin, 2003; Shaked & Yirmiya, 2003), but are 
unable to develop the reciprocity, creativity, fluency, and "naturalness” that are 
characteristic in the social interactions of most normally developing children. 
This impairment, which in later life is associated with difficulties in developing 
intimate relationships, can be a great source of frustration and distress to them 
(Prior, 2003). 

In the search for the antecedents of these déficits, a number of researchers 
have examined “joint attention” and social behavior in children with autism 
in both laboratory and naturalistic settings. Joint attention refers to the child's 
propensity, normally present from around 12 months of age, to show by pointing, 
bringing, or otherwise indicating an object or event they wish to share with a 
partner. It also encompasses eye contact with the partner related to interest in 
the object, so-called "referential looking.” It is a key component of normal social 
development and one which is notably absent in most children with autism. This 
déficit is believed to offer a key to the understanding of their deviance in social 
development because of its high salience in the normal developmental pathway 
to social and communicative competence. It is argued that joint-attention skills 
underlie the development of all social and communication skills, and hence 
this déficit represents a fundamental neurobiological underpinning of autism 
(Wetherby et al, 2000). 

Mundy and Sigman (1989a) have summarized a number of studies confirming 
the universality of j oint-attention déficits in young children with autism, and have 
drawn on this work in developing a theory that incorporates the cognitive and 
affective impairments central to autism (on this topic see debate among Baron- 
Cohen, 1989a; Mundy & Sigman, 1989a, 1989b; Sigman, 1998). Baron-Cohen 
(1989b) has shown that déficits in pointing are in the shared interest aspect 
(protodeclarative), rather than representing an inability to indicate the presence 
of an object or request it (protoimperative pointing). Joint-attention behavior 
can be increased when adult carers provide structure and modeling for such 
interaction, although it is rarely spontaneously shown (Kasari et al, 1993). 

Although a lack of joint-attention behaviors is evident even when controlling 
for IQ (Mundy et al, 1990), like other déficit behaviors it is less marked in 
higher-functioning children. Joint-attention skills are also associated with the 
development of language skills (Mundy et al, 1987), with correlations around 
0.5 and 0.6 being reported by Mundy et al. (1990) in a longitudinal study of 
4 to 5-year-olds, based on observations of social and play interactions in the 
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laboratory, and assessment with the Reynell Developmental Language Scales. 
Mundy and Sigman (1989a) assert that "a disturbance ofnonverbaljoint attention 
behaviors is a fundamental characteristic of young children with autism” and that 
this “may be regarded as an important manifestation of early aspects of autistic 
developmental process.” They question whether social skill déficits are better 
explained via a model that emphasizes cognitive impairments (Baron-Cohen, 
1988) or one that emphasizes déficits in the development of aífect in interaction 
with carers (Hobson, 1989; Kanner, 1943). They argue that problems in gestural 
joint attention skills reflect déficits in both affective processes and social/ cognitive 
factors (see also Leekam & Ramsden, 2006). 

While there is little disagreement that joint-attention déficits are one of the 
keys to autism and that they are related to the expression of other core social 
impairments, the precise nature of their influence on the developmental path- 
ways in autism remains the subject of debate (Baron-Cohen, 1989a; Charman, 
2003; Harris, 1989; Mundy & Sigman, 1989a, 1989b). In a recent review and 
research report, Charman (2003) summarized the evidence that joint attention 
plays a pivotal role in ASD. Joint-attention behaviors are the most discriminat- 
ing early symptoms of the disorder; they are associated with later language 
and social development as well as with symptomatic improvement, as shown 
in longitudinal studies of early development; and intervention focused upon 
improvingnonverbal social/communicative skills canprogress the development 
of language and social skills. Further longitudinal studies, which can map the 
timing and emergence of joint attention skills within the context of cognitive 
and affective development in other domains, will be helpful in understanding 
the temporal and causal role of these impairments in the development of the 
disorder. This could provide important information to guide continuing efforts 
to design adaptive avenues for treating children with autism, e.g. Whalen and 
Schriebman (2003). 

While rarely demonstrating joint interest and reciprocai activities, some chil¬ 
dren will enlist partners for repetitive games, preoccupations, or obsessions. 
This may be seen in verbal routines which the child will not permit to vary, and 
which do not take into account the other persohs independent or contributory 
role. Some will make pseudosocial approaches to complete strangers that are 
inappropriate and deviant. For example, older children have been known to try 
to stroke the hair or the breasts of complete strangers. 

The hallmark of the condition, at every age and stage, and every levei of func- 
tioning, is lack of reciprocai social interaction. Even high-functioning individuais 
with Aspergebs syndrome who are actively seeking to make contact with others 
suffer ff om lack of insight into the thoughts, feelings, plans, and wishes of others. 
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Try as they might, they cannot master the skills necessary for true reciprodty of 
social communication and they have great difficulty forming peer relationships. 
Empathy remains a mystery even to those who appear to have made a good 
adjustment (Sigman et al, 1992; Wing, 1981). Individuais with high-functioning 
autism and AspergeTs syndrome are egocentric in their Communications and 
are prone to engage in lengthy, one-sided monologues about their own specific 
preoccupations or interests. Nevertheless, higher-functioning individuais with 
autism and Aspergers syndrome sometimes do have a particular "friend,” usually 
a child with similar social problems or obsessive interests. 

Apart ffom the absence of appropriate social skills there is also the presence 
ofmuch unacceptable deviant and socially embarrassingbehavior. These behav- 
iors include stereotypies such as rocking, head banging, self-stimulatory, and 
self-injurious behavior such as hand-biting and head-punching, screaming, and 
temper tantrums often in highly public places such as supermarkets; aggressive 
and hyperactive behavior; purloining desired objects or those that are part of 
an obsession (e.g. taking certain flowers or leaves ffom people's gardens); and 
socially embarrassing eating, toileting, and sometimes verbal behaviors. There 
are some famous examples in the literature of even high-functioning individuais 
making comments that might be true but which would rarely be uttered by 
a nonhandicapped person. These kinds of deviant behaviors contribute to the 
fact that so many of these children are extraordinarily difficult to manage and 
to socialize. It is such behaviors that are likely to have some children excluded 
from normal educational and social environments and make it more likely that 
they will be kept in segregated and more restrictive settings. 

Comparative studies of children with autism and other handicaps as well as 
normal groups using standardized tests such as the Vineland Adaptive Behaviour 
Scales show severe handicaps in social and communicative domains, with scores 
well below expectation taking into account their mental age leveis (Boelte & 
Poustka, 2002). For example, dysfunctional social behaviors found in a study 
of this genre by Rodrigue et al. (1991) were pervasive, especially in the use of 
play and leisure times, in interpersonal relating and in coping skills. Their sub- 
jects with autism also showed behaviors not apparent in normal children at 
any age. Naturalistic observational studies of social behavior (Buitelaar et al, 
1991) confirm déficits in reciprocai social and communicative skills across vary- 
ing leveis of severity of autism. Peer interaction is significantly impaired and 
most commonly almost completely absent, even in children who relate reason- 
ably well to adults. Attempts to train peer interaction skills have had limited 
success and there are persistent and seemingly intransigent difhculties in spon- 
taneous initiation of interactions (Walters et al, 1990). It is claimed that social 
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functioning improves after about the age of five years although normalcy, even 
in high-functioning cases, is very rarely achieved (Volkmar et al, 1997). Social 
development in the adolescent and adult phases of development has received 
little study, but it is common for young people to experience continued isolation 
and preoccupation with their own interests, and to have difificulty sustaining 
relationships in any reciprocai way even when they want to. 


Emotion and face perception 

Experimental research on the emotion perception abilities of individuais with 
autism was originally stimulated by Hobson s account of early affective develop¬ 
ment (Hobson, 1986a, 1989). Hobson highlighted the inborn capacity of normal 
infants and children to recognize the salience of social and affective cues, make 
"emotional touch” with others, and affectively experience close personal relation¬ 
ships. He hypothesized that this inborn mechanism does not develop properly in 
children with autism, accounting for many of their aberrant social behaviors. In 
addition, his theory predicted that children with autism should have particular 
difficulties with experimental tasks that require recognition of emotional States 
in other people. 

Using a crossmodal paradigm in which subjects had to match affective and non- 
affective auditory and visual stimuli, Hobson (1986a, 1986b) found that the group 
with autism committed significantly more errors than Controls matched on non- 
verbal IQ when matching affective material, but performed as well as Controls on 
nonaffective crossmodal matching. Weeks and Hobson (1987) demonstrated that 
children with autism preferred to sort faces by nonemotional attributes, such 
as hairstyles and accessories, than by emotional expressions. When required 
to sort faces by emotion, performance was significantly impaired relative to 
Controls. 

Other researchers, using different but related paradigms, have replicated the 
finding that individuais with autism are selectively impaired on affect matching 
tasks, relative both to performance of comparison subjects matched on nonver- 
bal IQ and to their own performance on nonaffective control tasks (Bormann- 
Kirschkel et al, 1995; MacDonald et al, 1989). Young children with autism pay 
little attention to the emotional displays of others, tending to ignore them or to 
engage in alternate activities, relative to both normally developing and mentally 
retarded Controls (Sigman et al, 1992). Two studies have found that individuais 
with autism are impaired in recognizing the meanings of emotion-related nouns 
and adjectives, relative to concrete, nonemotional terms (Hobson & Lee, 1989; 
van Lancker et al, 1991). 
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However, two methodological issues have been raised concerning these stud- 
ies by both Hobson himself (1991) and others (Braverman et al, 1989; Ozonoff 
etal, 1990). First, in many studies the affective and nonaffective comparison tasks 
were not of equal difficulty, with the latter typically being easier for all groups. 
Thus, the finding that group diíferences exist on emotion recognition tasks, but 
not on nonaffective control tasks, does not necessarily indicate a specific déficit 
in emotion perception. Second, and even more importantly, the role of verbal 
ability in emotion perception was not adequately controlled in early studies. If 
some verbal mediation is required to process affective information, then fail- 
ure to match on verbal ability may account for group diíferences, rather than a 
primary déficit in emotion perception being responsible. Most studies reviewed 
above matched control samples on nonverbal IQ alone. 

Both of these issues were addressed in three subsequent investigations by Hob¬ 
son et al (1988a, 1988b, 1989a), who found that when individuais with autism 
were matched with control subjects on the basis of verbal ability, group differ- 
ences were no longer apparent on emotion sorting, matching, and naming tasks. 
The finding that group diíferences in emotion perception tasks are dependent 
on the nature of the control group used and disappear when matching on the 
basis of verbal ability has been replicated by many independent research teams 
(Braverman et aí., 1989; Buitelaar etal., 1999a, 1999b; Davies etal, 1994; Gepner 
etal, 2001; LovelandetaL, 1997; Ozonoff et aí., 1990; Prior et aí., 1990; Serra etal, 
1995). Language ability and verbal IQ can account for large amounts of variance 
in emotion perception scores, with intercorrelations in the 0.60-0.70 range (Fein 
et al, 1992). Capps et al (1992) found déficits in recognizing only more complex 
emotions, such as pride and embarrassment. Since these emotions require some 
social referencing and social comparison, it has been suggested that déficits on 
such tasks may be more reflective of theory of mind difficulties than emotion 
perception impairments (Baron-Cohen, 1991a). Similarly, Adolphs et al. (2001) 
found no group diíferences in recognition of simple emotions, but impairment 
when making social judgments, such as trustworthiness or approachability, from 
faces. Grossman et al. (2000) found déficits in emotion recognition only when 
faces were paired with mismatching verbal descriptions. Celani et al. (1999) 
found déficits in matching emotional expressions only when the target pictures 
were presented very briefly (for 750 ms) and were not visible when the sample 
choices were provided, eliminating the possibility of matching based on percep- 
tual strategies alone. 

These results suggest that there are a number of moderating variables that 
account for variance in emotion perception abilities in autism. Group differ- 
ences between samples with and without autism may be secondary to linguistic, 
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cognitive, pragmatic, or theory of mind déficits of autism, rather than reflecting a 
specific emotion-processing impairment. Finally, research has demonstrated that 
emotion perception déficits are not specific to people with autism, having also 
been documented in individuais with mental retardation (Hobson et al , 1989b), 
learning disabilities (Holder & Kirkpatrick, 1991) and schrzophrenia (Novic 
etal, 1984; Walker etal, 1984). 

Several studies have also explored potential differences in more basic processes 
involved in understanding faces. As with emotion perception, results have been 
somewhat mixed, with some studies finding that identity matching and basic 
facial perception appear to be normal (Adolphs etal., 2001; Bar-Haim et al, 2006; 
Ozonoff et al, 1990; Volkmar et al, 1989), while other studies find déficits in 
these abilities (Boucher et al, 1998; Klin et al, 1999). 

New techniques that have only recently become available suggest that the 
mechanisms underlying face-processing, regardless of accuracy, may be different 
in people with and without autism. Recent eye-tracking and behavioral studies 
have demonstrated that individuais with autism use an atypical and disorganized 
approach to viewing faces, including an unusual focus on nonfeature areas of the 
face, such as the mouth (Dalton et al, 2005; Joseph & Tanaka, 2003; Klin et al, 
2002; Pelphrey et al, 2002), instead of the normal focus on the eyes (Emery, 2000). 
Dawson et al. (2002) used event-related potentials (ERPs) to study response to 
familiar faces (i.e. their mothers’) and unfamiliar faces in young children with 
autism and matched Controls. Only those with autism failed to show a differ- 
ence in ERP response to the familiar versus unfamiliar face, although they did 
show the expected response to familiar versus unfamiliar objects. Baron-Cohen 
and colleagues (1999) used fMRI to examine brain function while participants 
looked at pictures of eyes and made judgments about what emotion the eyes 
conveyed. They found that typical adults relied heavily on both the amygdala 
and the frontal lobes to perform this task. In contrast, adults with either high- 
functioning autism or AspergeTs syndrome used the frontal lobes much less 
than the normal adults and did not activate the amygdala at all when looking 
at the pictures of eyes. Instead they used the superior temporal gyrus, which 
is not typically active during this task in people without autism (Baron-Cohen 
et al, 1999). Another important study, by Schultz et al. (2000), found that people 
with autism and Aspergehs syndrome use the inferior temporal gyrus, the part 
of the brain that normally makes sense of objects, when they look at faces and 
do not activate typical face-processing structures, such as the fusiform gyrus. 
These studies suggest that even when people with autism can figure out what 
someone's eyes or face conveys, they do so in a different, possibly less efficient, 


manner. 
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Language 

In most children with autism, impairment in language and communication is 
apparent by the second year of life (Lord & Paul, 1997), and this impairment 
is almost always the presenting complaint of parents of preschool children sub- 
sequently diagnosed with autism (Howlin & Rutter, 1987; Rapin, 1996). The 
qualitative impairment in communication that affects both verbal and nonver- 
bal skills (APA, 1994; Wing, 1996) varies ffom failure to develop language at all, 
to a range of language abnormalities, including echolalia, odd intonation pat- 
terns, confusions with pronoun distinctions, and poor comprehension (Bishop 
& Rosenbloom, 1987; Lord & Paul, 1997; Tager-Flusberg, 2001a). Aroundhalfof 
the population of children with autism do not develop communicative language. 
A number of these mute children may use grunting, pointing, or instrumental 
touching or pulling in order to communicate needs, and a minority may have a 
few words used for similar purposes. Use of gesture to communicate is notably 
restricted. It is rare for children with autism to gain language if they have not done 
so by the age of about 6 years. Prognosis for children who have developed some 
language before 2 years of age appears to be enhanced (Rogers & DiLalla, 1990) 
but for nonspeaking children it is universally poor. Even for speaking children, 
the communicative functions of language are impaired or limited in significant 
ways. The intention to communicate may be said to underlie both language 
and social behavior and it is this which often appears abnormal in children with 
autism. An alternative view for which there is some support is that many of 
these children wish to communicate but lack the capacity or “wiring” to do so 
eífectively, i.e. this is a fundamental, biologically based, cognitive impairment. 
Most children, though, will have at least some form of needs-driven communica¬ 
tion such as nonverbal requesting, pointing, or taking a carer s hand and leading 
them to a desired object or outcome. 

For those who do speak, various characteristic abnormalities have been noted 
over the years in the language of children with autism. These have included 
concreteness, literalness, pronomial reversal, deviant or monotonous prosodic 
features, metaphorical language, inability to initiate or sustain a conversation, 
ritualistic and inflexible language, and an insensitivity to the listenehs response 
to a conversation (Tager-Flusberg, 1981, 1982). Such déficits, however, exist on a 
continuum across the population of children with autism and there are marked 
individual differences (Wetherby, 1986). 

The language abnormalities appear to be present early in life as noted in a 
lack of (or abnormal) babbling, lack of the normal preference for human speech 
(Klin, 1991), signs of incomprehension of the language environment, failure to 
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imitate sounds and speech, delay in first words and phrase speech, and some- 
times regressions after initial speech development. Also noted are echolalia, 
both immediate and delayed, and repeating of rhymes or jingles with no appar- 
ent communicative function, often as the only form of speech. Communication 
difficulties in children with autism can be compounded by their neuromotor 
problems, including dyspraxias, which may handicap their efforts to communi- 
cate both verbally and by sign or gesture (Wetherby et al., 2000). Charman et dl. 
(2003) assessed the development of language in very young children with autism 
using the parent-reported MacArthur Communicative Development Inventory. 
Considerable variability was found, in the context of significant delay compared 
to normal language acquisition timetables, with both comprehension and use 
of referential gestures notably impaired. Nevertheless the overall patterns fol- 
lowed the language developmental pathways seen in typically developing young 
children. 

Perhaps the most universal language déficit in autism is that associated with 
pragmatics, i.e. language used to communicate socially (Tager-Flusberg & Ander- 
son, 1991). This transcends the individual differences in levei of language and 
speech competence, as it is seen in every person with autism to some degree. 
Even very high-functioning cases show these pragmatic problems in adapting 
their discourse to the listenebs response, in turn-taking, in perceiving what the 
listener might be wanting or thinking, and in imagining where to go next in the 
conversation. Some individuais are able to articulate that they experience such 
communication problems, they wish to overcome it, but are unable to adapt their 
conversation and thinking no matter how well motivated (see the collection of 
personal accounts in Schopler & Mesibov, 1992). They also have diffkulty under- 
standing and responding to complex questions and processing higher order, 
contextually relevant language. Baron-Cohen et al. (1999), for example, tested 
whether children with Aspergebs syndrome or high-functioning autism could 
recognize a fauxpas (inappropriate comment for the context) by presenting them 
with stories and asking whether someone has said something they should not 
have said. Even though the subjects with ASD clearly understood the stories, 
they were much poorer than nonautistic Controls in recognizing^ãMxpas. 

Tager-Flusberg and colleagues, in a series of studies (e.g. Tager-Flusberg, 
1989, 2001b), have explored the acquisition of language in children with autism 
over time and compared them with children with typical development and 
Dowhs syndrome. While children with autism are similar to matched com- 
parison groups in the early stages of their language development, especially 
with their mothers and in familiar settings, as they grow older they become 
increasingly divergent. They become more prone to use routines, recoding, and 
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simple responses, rather than developing more sophisticated discourse as do 
normal children, and they appear unaware that conversation provides an oppor- 
tunity for giving new knowledge or for sharing experience. Their vocabularies 
can also be limited or stereotyped (Tager-Flusberg, 1981), and prosody is fre- 
quendy deviant, even in high-functioning cases. Some children may whisper, 
speakin a flat monotonous tone, or speaktoo loudly. 

A naturalistic observational study of communication in the school setting and 
including children with autism across a wide range of cognitive abilities (Stone 
& Caro-Martinez, 1990) showed that the most common form of communication 
was instrumental, in the form of "motoric acts,” i.e. touching another person 
to gain their attention or to obtain a desired end. The most common recipient 
was the teacher, although speaking children were also likely to target commu¬ 
nication at peers or observers. The speaking group also used more gestures, 
made comments, and gave information, even though overall any spontaneous 
communication was rare. 

Volden and Lord (1991) have analyzed the indiosyncratic language and neolo- 
gisms sometimes reported as a feature of autism, and compared their utterances 
with those of mentally retarded and normal children matched by chronologi- 
cal age. Most of their high-functioning sample with autism produced unusual 
words, phrases, or neologisms, and these were also seen, albeit to a lesser extent, 
in mentally handicapped children. The children with autism more often used 
peculiar forms of speech that were neither semantically nor phonologically sim¬ 
ilar to the appropriate English word, by comparison with control groups. The 
linguistic idiosyncrasies were seen as part of a broader language impairment in 
autism that is not simply a function of developmental delay. 

Most recent work confirms that children with autism are consistent with 
their mental age levei in the mechanics or formal aspects of language, such as 
order of acquisition of speech sounds, measures of syntax and language content, 
and length and complexity of utterances (Green et al., 1995); it is the semantic 
and pragmatic, or socially relevant aspects, which they cannot master. Abstract 
words, i.e. those with no concrete referents, are rarely understood or used; 
hence “thinking,” "feeling,” “wanting,” kinds of messages in normal social com- 
municative behavior leave all but the highest-functioning cases at a loss. Even 
high-functioning children with autism are impaired in social discourse, and par- 
ticularly those with a diagnosis of Aspergehs syndrome are known for their 
tendency towards formal pedantic styles of speech which take little account 
of the listener s feelings or interests. Capps et al. (1998) compared the conver- 
sational capacities of relatively high-functioning children with autism (mean 
IQ 75) to those of children with developmental delay matched on language 
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age and mental age, via engagement in an informal semistructured conversa- 
tion. Although children with autism at this levei of functioning were willing to 
engage in conversation, they more often gave no response, were more likely to 
repeat questions and previous comments, and less often offered new relevant 
information. Their attempts were marked by disjointedness, lack of reciprocity 
in responding to questions or comments from conversational partners, fewer 
personal experience stories, and bizarre language or noncontextual utterances 
(e.g. sabre-tooth tigers cant fly). However, they did show as much appropriate 
affect, smiling, and gesture as the developmentally delayed group. Of interest 
was the finding that the groups were extremely similar in their theory of mind 
scores in this study, and did not differ in their use of mental State, emotion, or 
desire terms during conversation. 

Impaired comprehension and a lack of focus on the meaning aspects of lan¬ 
guage have led to the linking of autism to the language disorder known as 
“semantic-pragmatic disorder” (Bishop, 1989), described as "a set of behaviors 
that are loosely associated, which shade into autism at one extreme and normal- 
ity at the other” (Brook & Bowler, 1992: p. 62). Primary characteristics of this 
communication disorder encompass the use of language, which may be fluent 
and complex but which is inappropriate or out of tune with the social context. 
Comprehension is impaired. The semantic pragmatic language impairments 
shared with high-functioning autism (and Aspergehs syndrome) include com¬ 
prehension déficits, literal interpretations of messages, perseveration, déficits 
in turn-taking, and problems with maintaining conversational topics (Tager- 
Flusberg, 2003). The two diagnostic groups also share déficits in symbolic play 
and joint referencing behavior. Comparisons of social impairments between 
autism and semantic pragmatic language disorder underline the heterogeneity 
and variation in leveis especially within the latter condition. But as Bishop (1989) 
has noted, children with autism can have other kinds of language disorders, 
and children with semantic-pragmatic disorder are often not autistic and their 
communication difhculties are less extensive than those common in autism. 

Attempts to train children with autism in the use of speech and in sign lan¬ 
guage have proliferated in recent years, with ongoing development of useful 
strategies and programs (see Quill, 1995). There are, however, serious limita- 
tions to progress in that even when children learn words or signs, they are 
limited in their ability to use such skills to generate spontaneous "new” utter¬ 
ances and tend to remain at a relatively echolalic levei (Harris, 1975). At least with 
higher-functioning children there has been documented success in improving 
communication and language competence especially through intensive home- 
based training programs based on behavioral principies (Howlin, 1989; Lovaas, 
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1987). The communication of children with severe autism often remains quite 
limited despite the best efforts of parents and teachers. Alternative communica¬ 
tion strategies, such as the Picture Exchange Communication System (Bondy & 
Frost, 1994), have been adopted in interventions catering to severely impaired 
young children. Knowledge of the long-term effects of such alternative commu¬ 
nication systems await systematic evaluations. 


Theory of mind 

The last part of this chapter provides a brief discussion of recent theorizing and 
empirical work focused on key underlying déficits in autism including theo¬ 
ry of mind, executive functioning, and central coherence, three aspects of the 
disorder which have been linked heuristically at behavioral and neuropsycholog- 
ical leveis. The theory of mind hypothesis, which became prominent in autism 
research in the 1980s and 1990s, brought together what was known about the 
social, cognitive, and communication problems of children with autism across 
the developmental period, with the intention of providing an integrated and 
comprehensive explanation of the psychological characteristics of the disorder 
(Frith, 1989). Beginning with the experimental studies of Baron-Cohen, Frith 
and colleagues in the UK (for a summary, see Happe & Frith, 1995), this hypoth¬ 
esis has had considerable influence over autism research in recent years. Early 
studies demonstrated that children with autism have specific difhculties in under- 
standing States of mind such as false belief, ignorance, and second-order belief 
(i.e. beliefs about beliefs) in other people; in the concept of pretence, and in 
comprehension of emotional reactions based on beliefs (Baron-Cohen, 1991a, 
1991b). In essence, the theory of mind explanation of such déficits argues that 
children with autism are unable to perceive and comprehend the thoughts and 
feelings of others, i.e. to know that other people have "minds.” They suffer 
from “mind blindness” (Happe & Frith, 1995). They do not apprehend the fact 
that individuais have beliefs, thoughts, feelings, plans, and intentions, i.e. mental 
States that influence their actions; nor are they able to comprehend that the 
thoughts, feelings, and actions of other people need to be taken into account 
in social transactions as guides to reciprocai behaviors. Their inability to "read” 
or predict the behavior of others is shown in their characteristic social déficits 
and reflects the absence of such knowledge. Their difhculties in understanding 
pretence, States of ignorance, States of knowledge, and emotions that are based 
on beliefs means that they are unable to provide "mentalistic ’ explanations for 
behavior, and they cannot predict others' behavior (Tager-Flusberg & Sullivan, 
1994). Their spontaneous language rarely includes terms or comments which 
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refer to mental States such as belief, although some individuais may refer to more 
primitive mentalistic concepts such as desire, emotion, and perception (Tager- 
Flusberg, 1992). More sophisticated apperception involving mind-reading, such 
as cheating, lying, deceiving, and understanding jokes, are a mystery to them by 
this theory 

A variety of experimental tasks and procedures have been used to assess 
mentalizing ability in children with autism, usually involving comparisons with 
other groups of similar leveis of language and cognitive capacities. Probably 
the most common tasks are enacted scenarios involving dolls or people, whose 
knowledge or belief States must be intuited, in order that predictions about their 
behavior can be accurately made. For example, children may be asked what 
another person would think if they were presented with a tube of Smarties 
(correct answer: there are Smarties in there). While another character, either 
real or puppet like, is demonstrably absent, the child is shown that there are really 
pencils in the box. They are then asked what the absent character believes are the 
contents of the box. Normal children above the age of four years will correctly 
answer “Smarties.” Children with autism are more likely to answer "pencils,” 
thus demonstrating an inability to imagine what the other character will believe 
on the basis of access to new information. Many other Creative ways of assessing 
this ability at varying leveis of sophistication and abstraction have been reported 
in the literature (Baron-Cohen, 199lb; Bowler, 1992; Happe, 1994c; Leekam & 
Prior, 1994), and naturalistic studies have also illustrated the mentalizing déficits 
in autism. 

The earliest signs of this key déficit, which according to theorists arises from 
a missing or dysfunctional "module” in the brain, can be observed in the lack of 
joint attention skills, communicative gestures and sharing of objects of interest 
and information with others (Baron-Cohen, 1991b). These behaviors are said 
to be developmental precursors to mentalizing ability. There is ongoing debate, 
however, concerning the direction of relations between these impairments, i.e. 
what is precursor to what? Higher-functioning children with autism, particu- 
larly those with good verbal skills, are notably less handicapped in theory of 
mind abilities, hence it seems that higher leveis of social and communicative 
capacities allow the development of mentalizing ability (Hale & Tager-Flusberg, 
2005). This has been cogently argued in recent reviews of this field (e.g. Garfield 
et al., 2001). It has also been noted that mentalizing déficits may not always be 
absent in people with autism, even though they are inevitably delayed in their 
development (Baron-Cohen, 1989c; Happe, 1995). 

Klin et al. (1992) have claimed that the social impairments characteristic of 
autism emerge in the earliest developmental stages, before the emergence of 
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precursors to theory of mind capacities, an argument that was also put forth 
in 1989 by Mundy and Sigman. It is also possible, as Leekam (1993) and others 
have suggested, that communicative ability and mental State knowledge develop 
independently, albeit in parallel, rather than being causally related. 

Since not all children with autism lack a theory of mind, the early claims to have 
discovered the "core” and universal explanation for autism are hard to sustain. 
Findings that children diagnosed with Aspergebs syndrome as well as a substan- 
tial proportion of more verbally capable individuais with autism are often able 
to solve the theory of mind tasks conventionally used in this genre of research 
(Bowler, 1992; Eisenmajer & Prior, 1991; Ozonoff et ai, 1991a) have ledthe pro- 
ponents of the theory to suggest that such cases may "hack out” or "compute” 
Solutions, using compensatory cognitive mechanisms which, however, do not 
constitute evidence for a "true” theory ofmind (Happe & Frith, 1995). Whether 
this is true remains a question for exploration, but in any case, however suc- 
cessful the theory might be in explaining the social, language, and imaginative 
impairments of children with autism, it may not satisfactorily encompass other 
key déficits such as the lack of spontaneous activity and impairment in language; 
the repetitive and ritualistic behaviors including obsessions and preoccupations, 
islets of ability, lack of generalization skills, resistance to learning, and stereotypic 
behavior. 

In recent years there has been increasing debate and re-evaluation of the theory, 
especially in terms of claims regarding its modularity or componential quality in 
brain development and dysfunction (Garfield et aí., 2001 ; Tager-Flusberg, 2001b). 
As noted above, many features of autism cannot be explained by theory of mind, 
and recent genetic advances make it clear that a number of interacting genes 
may be needed for the development of the disorder. Hence a single specific mod¬ 
ular déficit hypothesis seems naive. Moreover, the range of social-cognitive and 
communicative impairments with their diverse leveis and balances in individual 
presentations seen in autism mean that reductionist models are unsatisfactory 
to explain the spectrum of abilities and déficits seen across this population of 
children. 

Children and adolescents with high-functioning autism and Aspergebs 
syndrome have shown that they have some theory of mind abilities in a number 
of studies (e.g. Capps et aí. 1998; Dahlgren & Trillingsgaard, 1996; Leekam & 
Prior, 1994; Ozonoff et al, 1991b). Methods of testing for this ability make a 
notable difference to performance since several studies have shown that children 
with autism do show understanding of false photographs in tasks which are sim¬ 
ilar in almost every other way to the procedures used in traditional false-belief 
investigations (Leekam & Perner, 1991; Peterson & Siegal, 1998). Nevertheless, 
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despite their quite well-developed language and cognitive abilities they appear to 
develop such ability relatively late in development, and solving of more complex 
theory of mind problems may still elude them. Happe (1995) reviewed this field, 
based on a combination ofpublished studies from 1985 to 1993, and combined 
results ffom her own experimental samples from many studies; she claimed 
that children with autism need a much higher verbal mental age levei in order 
to pass false-belief tasks compared with nonautistic children. She also reported 
that only 25% of children from these aggregated studies passed theory of mind 
tasks. 

While "theory of mind” research has made a major contribution in bringing 
together much ofwhat is known about autisticbehaviors, there are some findings 
that challenge the boundaries, if not the essence, of this theory. Not every child 
with autism lacks a theory of mind; despite the fact that their core social and 
communicative deficiencies are clearly apparent, mentalizing capacity is clearly 
associated with language ability (Eisenmajer & Prior, 1991; OzonoffetaL, 1991a; 
Tager-Flusberg, 1993). Nor are theory of mind déficits specific to autism. For 
example, a meta-analysis comparing theory of mind in autism, mental retarda- 
tion, and normal development (Yirmiya et ah, 1998) confirmed theory of mind 
impairment in individuais with mental retardation as well as those with autism. 
Other linguistically handicapped children, including deaf individuais (Peterson 
& Siegal, 1995), may show theory of mind handicaps, but not the other social 
and pragmatic impairments. Moreover, it is likely that “mentalizing” problems 
are simply one aspect of a more pervasive collection of cognitive impairments 
and in that sense the theory does not have comprehensibility. Garfield et dl. 
(2001) have summarized a range of arguments and empirical work that shows 
that theory of mind is very much interwoven with linguistic and social skill 
development, and is acquired through the experience of social interaction and 
conversation. 

Although explanations in terms of an autism-specific metarepresentational 
déficit were originally the primary explanatory focus (e.g. Leslie, 1987), a variety 
of alternative interpretations for the responses of children with autism on theory 
of mind tasks have been explored. Success with theory of mind tasks involves a 
range of cognitive and language abilities, including working memory and inhi- 
bition of prepotent responses (Bailey et al, 1996). Finding any kind of biological 
substrate for such a range of psychological processes remains a great challenge. 

Recent research has drawn connections between the kinds of behaviors 
adduced to indicate theory of mind déficits and those that are believed to indi- 
cate problems with executive functions. In the next section, some of this recent 
experimental and theoretical work is reviewed. 
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Executive function 

Investigation of executive functions has been an active area of research in autism. 
Executive functions are goal-directed, future-oriented cognitive abilities thought 
to be mediated by the frontal córtex (Duncan, 1986), including planning, inhi- 
bition, flexibility, organization, and self-monitoring. The first empirical inves¬ 
tigation of the executive functions (EFs) of people with autism was done by 
Rumsey (1985) who administered the Wisconsin Card Sorting Test (WCST), a 
measure of cognitive flexibility, to adult men with high-functioning autism. Rel- 
ative to a sample of typical adults matched on age, adults with autism demon- 
strated significant perseveration, sorting by previously correct rules despite 
feedback that their strategies were incorrect. In a later study, Rumsey and 
Hamburger (1990) demonstrated that this perseveration was not a general con- 
sequence of learning or developmental disorders as impairment was specific 
to people with autism and was not apparent in matched Controls with severe 
dyslexia. 

Prior and Hofffnann (1990) were the first research team to administer the 
WCST to a pediatric sample with autism. Like adults with autism, the children 
in this study made significantly more perseverative errors than matched Controls. 
Several research groups have found that executive déficits are apparent in autism 
even relative to Controls with other neurodevelopmental disorders (Ozonoff 
et ai, 1991b; Szatmari et ai, 1990). In one study, performance on the Tower of 
Hanoi (a test of planning) correctly predicted diagnosis in 80% of subjects, while 
other neuropsychological variables (e.g. theory of mind, memory, emotion per- 
ception, spatial abilities) predicted group membership at no better than chance 
leveis. Following the sample longitudinally, Ozonoff and McEvoy (1994) found 
that déficits on the Tower of Hanoi and WCST were stable over a 2.5-year period. 
Not only did EF abilities not improve during the follow-up interval, they showed 
a tendency to decline relative to Controls over time. Shu et aí. (2001) reported 
significant déficits on WCST performance in a sample of 26 Taiwanese children 
with autism, relative to matched Controls. Since these children were raised in a 
completely different culture and environment than the Western children who 
participate in most EF studies, the authors suggested that executive dysfunction 
may be a core impairment in autism. 

In a review of the EF literature, Pennington and Ozonoff (1996) reported that 
13 out of the 14 studies existing at the time of publication demonstrated impaired 
performance on at least one EF task in autism, including 25 of the 32 executive 
tasks used across those empirical studies. The magnitude of group differences 
tended to be quite large, with an average effect size (Cohens d) across all studies 
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of 0.98, marked by especially large effect sizes for the Tower of Hanoi (d = 2.07) 
and the WCST (d = 1.04). 

Two research groups have tested age-related EF development in very young 
children with autism. McEvoy etal. (1993) studiedpreschool children with autism 
(mean age 5 years) and matched developmentally delayed and typically develop- 
ing control groups. In the spatial reversal task, an object was hidden in one of 
two identical wells outside the subjecEs vision. The side of hiding remained the 
same until the subject successfully located the object on four consecutive trials, 
after which the side of hiding was changed to the other well. Thus successful 
searchbehavior required flexibility and set-shifting. Significant group differences 
were found, with the children with autism making more perseverative errors 
than children in either the mentally or chronologically age-matched groups. 
However, no group differences were evident on three other EF measures. It was 
suggested that these tasks may have been less developmentally appropriate for 
the sample. 

However, in another investigation by the same research team (Griffith et al, 
1999), studying evenyounger preschool children with autism (mean age 4 years), 
there were no differences in performance on any of eight executive tasks (includ- 
ing the spatial reversal task), compared to a developmentally delayed group 
matched on chronological age and both verbal and nonverbal mental age. 
Similarly, in a larger study of even younger children with autism (mean age 
3 years), Dawson et al. (2002) reported no significant differences on six EF tasks 
(again including spatial reversal), relative to developmentally delayed and typi¬ 
cally developing control groups matched on mental age. This work raises the 
possibility that differential EF déficits emerge with age and are not present (at 
least relative to other samples with delayed development) early in the preschool 
range. Since EFs are just beginning to develop during the early preschool period 
in all children, a relative lack of variance across groups may explain this apparent 
developmental discontinuity. Differences in the way EF is measured at differ- 
ent ages may also contribute to this finding. The executive tests that have been 
administered to very young children with autism do not require the same use 
of arbitrary rules that those given to older individuais do. If arbitrary rule use 
is central to the EF performance déficits of autism (Biro & Russell, 2001), then 
the discontinuity between earlier and later development may be due simply 
to measurement differences. Further work, particularly longitudinal research, 
is needed to examine when during development specific executive difficulties 
emerge and what their developmental precursors may be. 

Executive function is a multidimensional construct. The category includes a 
number of skills (flexibility, planning, inhibition, organization, self-monitoring, 
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goal-setting) that appear to be, to some extent, dissociable. The tasks used in 
initial studies of EF in autism were relatively imprecise, typically measuring 
several executive operations, with no method to examine variance in individual 
skills. A recent research trend has been the use of computerized experimental 
paradigms designed to examine specific aspects of EF and more precisely identify 
the nature of the EF impairments underlying autism. Ozonoff and colleagues, 
in a series of papers, have suggested that flexibility is a more dysfunctional 
component of EF than inhibition. In a computerized Go-NoGo task designed 
to isolate and separately examine flexibility and inhibition operations in subjects 
with high-functioning autism (Ozonoff et al, 1994), they found that the group 
with autism was not impaired relative to Controls when inhibiting responses, 
but was very deficient at shifting set. In contrast, matched comparison subjects 
with Tourette’s syndrome experienced no difficulty in either the inhibition or 
flexibility conditions. Two additional aspects of inhibitory function, the ability 
to inhibit voluntary motor responses and the ability to inhibit processing of 
distractor stimuli during a cognitive task, were found to be unimpaired in subjects 
with autism in a later study (Ozonoff & Strayer, 1997), a finding that was recently 
replicated by an independent research team (Brian et al, 2003). 

A newly developed EF battery, the Cambridge Neuropsychological Test Auto- 
mated Battery (CANTAB), has been used in several recent studies (Hughes 
etal, 1994; Ozonoff et aí., 2004; Turner, 1997). Relative to matched Controls with 
mental retardation, individuais with autism plus mental retardation demon- 
strated intact performance on tasks measuring discrimination learning and 
inhibitory control, but impairments in shifting from one sorting strategy to 
another (Hughes et al., 1994). Turner (1997) replicated this shifting déficit in 
individuais with autism and mental retardation, but not in participants with 
autism of normal IQ, although small sample size and low power may have con- 
tributed to this result. In the most recent study, CANTAB was administered to 
79 participants with autism and 70 well-matched typical Controls recruited from 
seven universities who are part of the Collaborative Programs of Excellence in 
Autism network (Ozonoff et al., 2004). Normal inhibition but significam group 
differences in shifting relative to Controls were found in both lower- and higher- 
IQ individuais with autism across the age range of 6 to 47 years. In aggregate, 
these results suggest that inhibition may be a spared component of EF in autism, 
standing in contrast to the impairments in flexibility found in other studies. 

Another recent research trend has been to study the relationships between 
EF and other cognitive and social-cognitive processes, e.g. Landa and Goldberg 
(2005). The explanatory power of executive dysfunction to autism would be 
greatest if individual differences in EF predicted variations in other impairments 
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or in symptoms of autism. The first work in this area was actually done within 
a study designed to examine theory of mind and strategic deception abilities 
(Russell et al, 1991). Children with autism were taught to play a game in which 
they competed with an experimenter for a piece of candy. The candy was placed 
in one of two boxes with Windows that revealed the contents of the box to 
subjects, but not to the experimenter. The objective of the task was to "fool” 
the experimenter into looking for the candy in the empty box. It was explained 
that the strategy of pointing to the empty box would be successful in winning 
the candy, whereas pointing to the box that actually contained the candy would 
result in losing it. Even after many trials, the subjects with autism were unable 
to point to the empty box, despite the consequences of this strategy. Russell 
et aí. (1991) first attributed these results to a perspective-taking déficit that caused 
an inability to engage in deception. in a follow-up study, Hughes and Russell 
(1993) demonstrated that significant group differences remained even after the 
element of social deception was removed from the task. Subjects were simply 
instructed to point to the empty box to get the candy. Even with no opponent 
present, the subjects with autism persisted in using the inappropriate strategy. 
On the basis of these results, Hughes and Russell (1993) reattributed the pattern 
of performance to a déficit in disengaging from the object and using internai 
rules to guide behavior, rather than to a social or perspective-taking dysfunction. 
This work led the way for several other studies that explored the hypothesis that 
some degree of executive control is necessary for successful performance on 
theory of mind tasks and, by extension, for the development of theory of mind 
(Landa & Goldberg, 2005; Moses, 2001; Russell etal, 1999). 

The opposite hypothesis - that some levei of social awareness is necessary for 
EF - has also received support. In the WCST, for example, feedback is provided 
by the examiner after each card is sorted; successful set-shifting requires using 
this feedback to alter behavior. ff, however, feedback supplied in a social context is 
less salient or more difhcult to process for people with autism, they may perform 
poorly on EF tasks for primarily social reasons. A few studies have contrasted 
performance on executive tests when they are administered in the traditional 
manner, by human examiners, to performance when they are administered by 
Computer. Ozonoff (1995) reported that the WCST was significantly easier for 
individuais with autism when it was given by Computer, with group differences 
considerably smaller in the Computer administration than the human admin- 
istration conditions. in the group with autism, the number of perseverations 
was cut in half on the computerized version of the task, while performance did 
not differ across conditions in the typically developing control group (Ozonoff, 
1995). This finding was replicated by an independent research group (Pascualvaca 
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et ah, 1998). This suggests that the format of the executive task, particularly the 
nature of the feedback (social vs. nonsocial), may have a much greater impact on 
performance for people with autism than has previously been appreciated. Thus, 
it has been difhcult to tease apart the relative primacy of EF and mentalizing or 
other social déficits in the chain of cognitive impairments that are involved in 
autism. 

It has also become clear through recent research that other non-EF skills, such 
as language and intelligence, may contribute to EF déficits. Liss etal. (2001) gave a 
battery of EF tests to children with high-functioning autism and a control group 
of children with developmental language disorders. The only group difference - 
more perserverative errors on the WCST by the autism group - disappeared 
when Verbal IQ was statistically controlled. Ozonoífhas also identified significant 
contributions of IQ to EF performance in people with autism (Miller & Ozonoff, 
2000; Ozonoff ôíMcEvoy, 1994; Ozonoífôí Strayer, 2001). Perner and Lang (2002) 
reportedapair oflargestudiesoftypicallydevelopingpreschool children inwhich 
the correlation between EF and a language task was just as high as its correlation 
with a false-belief task. 

Although there remain many important questions about EF to be answered, 
much progress has been made since the first edition of this book. Robust findings 
of EF déficits in older children and adults with autism, relative to appropriate 
clinicai and typical Controls, have been tempered by the discovery of more com- 
plex patterns of EF development in very young children with autism. And there 
are indications of significant correlations between EF abilities and core social 
impairments of autism, intelligence, and language, but the causal directions and 
specific nature of these relationships are as yet unknown. 


Central coherence 

A third theory put forth as an integrative explanation for the pattern of symptoms 
seen in autism is that of weak central coherence (Frith, 1989; Frith & Happe, 
1994). This theory suggests that the core psychological impairment in autism 
is the failure to process information in context. The information processing of 
typically developing individuais is motivated by a "drive” to achieve higher-level 
meaning and a preference for global processing. Frith (1989) first introduced the 
idea that it is this drive for central coherence that is missing in autism, result- 
ing instead in detail-focused processing. Central coherence theory predicts that 
people with autism will perform poorly on tasks that require integration of con¬ 
stituem parts into coherent wholes, but perform normally (or even in a superior 
fashion) on tasks that require a focus on detail or “local processing.” They should 
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also show preserved or enhanced performance on tasks in which the typical ten- 
dency to use contextuai information actually interferes with performance, since 
central coherence theory predicts that people with autism would be relatively 
impervious to context effects. An essential feature of central coherence the¬ 
ory is that the detail orientation of autism is a consequence of a déficit in global 
Processing. 

Central coherence theory has intuitive appeal, as it appears to explain both 
the neuropsychological déficits and the particular cognitive strengths of people 
with autism (Happe, 1999). It also has potential to account for some behavioral 
symptoms of the condition that other theories have failed to explain, such as 
repetitive and stereotyped behaviors. For example, weak central coherence could 
explain the focus on technicalities and trivia seen in the circumscribed interests 
of people with autism spectrum disorders, as well as their insistence on sameness 
in the environment. 

Several studies have supported the central coherence theory of autism. The 
first empirical test ofthe theory used the Embedded Figures Test, in which a small 
form is embedded within a larger, complex picture. Frith and colleagues found 
that children with autism were significantly more accurate in discovering the 
hidden figures than Controls matched on mental and chronological age (Shah & 
Frith, 1983). This research team also found evidence that weak central coherence 
played a role in the strong performance of people with autism on the Wechsler 
Block Design subtest (Shah & Frith, 1993). They found that presegmenting 
the designs significantly improved performance for participants without autism 
(both with typical development and mental retardation), presumably because 
of the strong tendency to process the unsegmented designs as a gestalt. The 
performance of people with autism was not, however, enhanced in this way by 
presegmentation, suggesting that this group had a natural tendency to see the 
stimuli in terms of parts rather than as a whole and did not need the parts to be 
explicitly highlighted. 

Other supportive evidence of central coherence déficits in autism came from 
verbal tasks. Several studies have shown that individuais with autism fail to use 
sentence context to determine the correct pronunciation of homographs (words 
with one spellingbut two meanings; Frith & Snowling, 1983; Happe, 1997; Jolliffe 
& Baron-Cohen, 2000). 

Later studies have not fully confirmed these results, however. Several subse- 
quent investigations have used the Embedded Figures Test, with one study find- 
ingno superiority in accuracy (OzonoffetflL, 1991b), another failing to replicate 
the accuracy results, but demonstrating significantly faster reaction time on the 
part of people with autism spectrum disorders (Jolliffe & Baron-Cohen, 1997), 


108 Autism and Pervasive Development Disorders 


and a third failing to find superiority in either accuracy or reaction time (Rodgers, 
2000). A prediction of central coherence theory is that there should be little dif- 
ference in performance when the context within which the shape is embedded 
is meaningful or nonmeaningful, since the déficit in global processing leads to 
little or no encoding of context. Two studies used adaptations of the Embed¬ 
ded Figures Test in which the meaningfulness of the context was manipulated. 
Both investigations found that the performance of participants with autism was 
affected by the contextuai information in the same manner as the Controls (Brian 
& Bryson, 1996; Lopez & Leekam, 2003). Brian andBryson (1996) also examined 
memory for the contextuai information and found that it was as good as Controls, 
demonstrating that the context was being actively processed and encoded. 

Global-local tasks have also been used in several experiments to test central 
coherence theory. Such tasks use stimuli (usually either letters or numbers) that 
are composed of smaller similar stimuli (also letters or numbers), which can 
be the same as or different from the larger pattern. For example, in Navohs 
original task (1977), a large letter H is composed of either small Hs (compatible 
condition) or small Ss (incompatible condition). Participants are instructed to 
examine either the large or the small letters and determine if it is an H or an 
S. In typical development, there is usually a global advantage; that is, typical 
subjects respond both more quickly and more accurately when asked to identify 
the large letters than the small letters. There is also typically interference from 
the global to the local levei, so that small letters that are incompatible with the 
larger stimulus are responded to more slowly and less accurately than those that 
are compatible. In contrast, the prediction for autism would be the opposite: 
there should be a local advantage and no global interference. Mixed results have 
been obtained across studies, however. While one study (Rinehart et al, 2000) 
confirmed both predictions, other investigations have found the typical global 
advantage as well as global interference on local processing (Mottron et al ., 1999; 
Ozonoff et al., 1994) or failed to find the predicted local superiority (Rodgers, 
2000). In an elegant experimental design, Plaisted et al. (1999) demonstrated that 
administration procedures have large effects on performance and could account 
for the inconsistent pattern of results across studies. They found normal global 
processing in autism using a selective attention procedure, in which participants 
focused on only one levei (either global or local) for long blocks of stimulus 
presentation, but a local advantage in autism during a divided attention proce¬ 
dure, in which participants had to shift between global and local leveis from trial 
to trial. This suggests that the necessity of switching attention (an executive or 
attentional déficit) may be part of poor performance and argues against a purely 
central coherence explanation for the déficit found on such global-local tasks. 
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Findings have been similarly inconsistent using other paradigms. Happe (1996) 
first reported that individuais with autism were much less likely than control 
participants to succumb to visual illusions, which are dependent upon context. 
However, Ropar and Mitchell (1999) failed to replicate this nonsusceptibility, 
using the same illusions employed in the Happe study They also reported low 
and nonsignificant correlations among visual illusion susceptibility and several 
visuospatial tasks also thought to measure weak central coherence (e.g. Block 
Design, Embedded Figures Test; Ropar & Mitchell, 2001), further questioning 
the construct and its selective association with autism. 

These nonreplications, particularly the repeated findings that individuais with 
autism do appear to use context and perceive gestalts (Brian & Bryson, 1996; 
Lopez & Leekam, 2003; Mottron et al., 1999; Ozonoff et al, 1994; Ropar & 
Mitchell, 1999), have suggested a modified version of central coherence theory 
It has been proposed that the cognition ofpeople with autism does involve some 
“local bias” or preference for detail-oriented processing, but that this is not due 
to a déficit in global processing. Several recent investigations have supported this 
notion. Plaisted and colleagues found that a group of participants with autism 
demonstrated enhanced ability to identify individual features of a stimulus, but 
also were as good as Controls at integrating these features to see the significance 
of the configuration of the features (Plaisted et al., 2003). This pattern was also 
found in the auditory modality, with the autism group performing better than 
a comparison group at detecting small changes in the pitch (a local feature) of 
melodies, but also performing as well as Controls at detecting changes in the 
contour (a global feature) of melodies (Mottron et al, 2000). 

In a final study of interest, weak central coherence was found to be more 
common in a group of high-functioning adolescents with autism than develop- 
mental norms for the tests would predict, but was far from universal, with half 
of those with autism demonstrating performance across several tests indicative 
of strong central coherence (Teunisse et al, see also Pellicano et al, 2006). 

Conclusion 

While aspects of the central coherence theory describe well the cognition of 
autism, it has fared similarly to the EF and theory of mind accounts in failing 
as a grand theory, capable of organizing the behavioral and cognitive strengths 
and weaknesses of autism within one unifying theory. Perhaps the only the¬ 
ory that remains relatively successful in this endeavor is one that by its very 
nature is a much more general theory. Minshew has proposed that the central 
cognitive déficit in autism is one of complex information processing (Minshew 
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et al, 1 997, 2002). Any neuropsychological task, be it perceptual, spatial, verbal, 
or motor, that requires less information processing will be spared, according to 
this account, while those that require higher-order information processing will 
be impaired. The review of the literature in this chapter, across many neuro¬ 
psychological domains, provides quite a lot of support for this theory. We have 
summarized the relative sparing of simple language processes (e.g. phonology, 
syntax), simple executive functions (e.g. inhibition), simple attentional processes 
(e.g. selective and focused attention), and simple memory functions (e.g. rote and 
recognition), with complementary dysfunction in each of these domains at the 
levei of more complex processes (e.g. language pragmatics, cognitive flexibility, 
abstraction, attention shifting, working memory). Neurological theories have 
been proposed to explain this neuropsychological profile, such as reduced inte- 
gration of local neural networks (Brock et al, 2002). Recent findings of enlarged 
brains (Courchesne et al, 2001) with increased numbers of cortical columns, of 
reduced size and density (Casanova et al, 2002), are consistent with significam 
disruptions in neural networks and perhaps increased "noise” and thus lower 
efliciency of information processing. It remains to be seen if these theories will 
hold up as further empirical research is conducted. 

Regardless, this is an exciting time to be conducting neuropsychological 
research in autism, as we hope this chapter attests. The last decade has been 
an exceedingly productive one in further honing our understanding of the cog- 
nition ofpeople with autism. We are beginning to see the potential of this neuro¬ 
psychological work to provide a bridge between descriptions of symptoms and 
findings of neurological investigations that we anticipate will be similarly pro¬ 
ductive in coming decades. 
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Introduction 

Communication déficits are one of the core symptoms of autism spectrum 
disorders (ASDs). People with ASD can be slow to begin talking, or may not 
learn to talk at all; others may learn to produce words and sentences but have 
difficulty using them effectively to accomplish social interactive goals. In this 
chapter we will discuss the course of the development of communication in 
ASD and will outline how communication deficiencies in this population are 
identified and treated. Before we do, however, we should be clear about three 
important terms we will be using, which are illustrated in Figure 4.1. 

The term "communication” is the broadest of this trio. It refers to all forms of 
sending and receiving messages, not only with language, but in other ways, such 
as with gestures, body language, even the way we dress. Animais can also com- 
municate by means of their vocalizations to alert others to danger, for example. 
That’s why the largest circle in Figure 4.1 represents communication. Within the 
realm of communication, language represents a specific type, so it is enclosed 
within the larger circle of communication in the figure. Language involves the 
creation of a potentially infinite set of never-before-conveyed messages through 
the combination of words in rule-governed ways that allow the formation of 
sentences to express meaning to others. Only humans are truly generative users 
of language. Figure 4.1 represents speech as contained within language because 
speech represents a particular mode of language, its expression through the use 
of sounds produced by oral movements and gestures. There are other ways to 
express ideas in language, such as through writing for example, that are not 
speech. It will be helpful to keep these distinctions in mind as we discuss com¬ 
munication in ASD. 
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Figure 4.1 Domains of communication. 


To help organize our discussion, we will further subdivide the domain of 
language into the three major categories identified by Bloom and Lahey (1978), 
as illustrated in Figure 4.2. Language form includes the rules for combining 
sounds to form words (phonology) and combining words to form sentences 
(syntax). Examples include: 

(1) rules that tell us that "ng” can appear as the last sound in a word in English (ring) 
but not as a first sound (~ngir), although this combination is acceptable in some 
languages (e.g. Vietnamese); 

(2) rules that tell us how to form sentence variants, such as questions, so that when 
we want to change You are invited to a question, we move the helping verb, are, 
to the beginning of the sentence to form Are you invited ? 

Language content refers to the rules for relating words to meaning. For exam- 
ple, our knowledge of the word "bachelor” includes the fact that a man referred 
to with this term is not married, so this condition does not need to be stated (e.g. 
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to say “The unmarried bachelor” would be a violation of a rule for language 
content or semantics ) 

Language use is often called pragmatics. Both terms refer to the rules for using 
language appropriately in social situations. For example, pragmatic rules dictate 
that we must speakpolitely, even if that means compromising the directness with 
which we State what we mean. If I ask at dinner, “Would you be kind enough to 
pass the salt?” I am not really inquiring about the degree of your compassion; I 
am just saying “Pass the salt,” but doing so in a way that conforms to conventions 
of politeness. In typical communication, these aspects of language interact to 
enable cooperative expression of meaning across speakers. However, in autism, 
these aspects can sometimes become dissociated. These dissociations can affect 
speech, which is the usual output modality for language. Moreover, in ASD 
there are déficits not only in speech and language, but also in broader aspects of 
communication. 

To better understand how déficits and dissociations in development affect com- 
municative function in ASD, we will review each stage of typical development 
in order to examine similarities and differences in the course of communicative 
acquisition between normal children and those with forms of autism. 
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The first year of life 

Typical children begin communicating long before they can talk. Very young 
babies enjoy looking at faces (Kagan & Lewis, 1965) and listening to voices 
(Butterfield & Siperstein, 1972), and will inhibit their movements to “listen” 
when someone is talkingto them (Owens, 2004). They begin smiling during their 
first few months, and use smiles to attract and hold people's attention (LaBarbera 
etal, 1976). These early abilities to produce, attend, and respond to social stimuli 
are interpreted by adults as an eagerness to socialize and they engage adults in 
extended interactions, from which infants not only establish positive affective 
relations with others, but also acquire information and experience in the social 
world that leads to increasing sophistication in interacting with it (Mundy & 
Burnette, 2005). 

One of the earliest signs of ASD is a failure to show social preferences and 
responsiveness in the first year of life. Although not all children who later have 
autism lack these abilities, many parents of children with ASD report that as 
babies they were very quiet and didht babble, that they sometimes seemed deaf 
and did not respond to voices or their name, that they did not spend much time 
looking at faces, tried less frequently to attract others' attention, and were less 
eager to engage in early social games, such as "pat-a-cake,” that involve smiling 
at others and vocalizing (see Volkmar etal., 2005 , for review). All these déficits are 
related to a basic problem in communicating with others, even before language 
becomes the most important means of communication. 

In the second half of their first year, typical infants increase their ability to 
respond to communication, and begin producing some of their own commu- 
nicative acts. They respond to their name by 6 months, and by 9 months can 
follow a pointing gesture to look at what the adult points to (Lempers, 1976). 
By 10 months they begin making sounds that closely resemble words, and using 
these sounds to get others' attention and maintain interactions (Oller, 1978). 
They express a range ofintentions such as requesting objects, rejectingproffered 
actions, calling attention to objects or events (joint attentional acts), comment- 
ing on their appearance, and greeting or showing off to initiate social interaction 
(Bates, 1976; Carpenter et al, 1998), with joint attention and social interaction 
acts predominating in frequency over requesting and rejecting (Paul & Shiffer, 
1991). These intents are expressed first with simple gestures, such as reaching 
to indicate a request or pushing away to indicate rejection, then by more com- 
plex gestures such as pointing in order to request, or shaking the head to mean 
"no”; and gradually accompanied by, and eventually replaced by, vocalization 
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and speech (Acredolo & Goodwyn, 1988; Adamson & Bakeman, 1991; Bloom 
1993). 

Children who were later diagnosed with ASD have been found at this age to 
be less responsive and to pay less attention to people in their environment and to 
show a lower frequency of looking at objects shown to them by others. They may 
begin to produce some communication, but their acts are usually for the purpose 
of getting others to do or not do things (regulatory acts) than for the purpose of 
sharing and social interaction that characterizes the majority of communicative 
acts of typical toddlers (Mundy et aí., 1994; Wetherby, 1986; Wetherby etal, 2004). 
Even when they do communicate, their rates are lower and they are less likely to 
engage people visually or direct their acts to the communication partners with 
gaze (Chawarska & Volkmar, 2005; Mundy & Burnette, 2005). Moreover, they 
tend to use unusual gestures, such as pushing an adulfs hand towards a desired 
object, rather than pointing or showing in a more conventional way (Stone & 
Caro-Martinez, 1997). 


The toddler years 

During the second and third years of life, typical children begin understanding 
what particular words mean. At first, a few words associated with games such as 
“pat-a-cake” or "sobig” willbe recognized. Infants graduallybecome more active 
responders to these routines (Bruner, 1975). By 12 months, merely saying the 
words ("Lebs play pat-a-cake!” or "Show me your nose”) in a familiar context will 
often elicit a spontaneous action ff om the child such as clapping or touching the 
nose (Huttenlocher, 1974; Tomasello & Kruger, 1992). Also, around 12 months 
of age, typical babies begin using words to get things they want and to share 
experiences with important people in their lives, gradually replacing earlier 
gestural and vocal forms of communication with words. By 16 to 19 months 
infants are able to use nonverbal cues, such as an adulfs eye gaze, to make 
quite fine distinctions between an object that an adult is naming and another 
object that happens to be present (Baldwin, 1991), suggesting that they can now 
understand the intentions of others within language contexts. 

Word learning is slow at first. Average expressive vocabulary size at 12 months 
is 3 words, at 15 months it is 10 words (Fenson et al, 1994). But at some point 
during the second year, children go through what is called a "vocabulary spurt,” 
when they suddenly begin learning many new words very quickly, so that average 
expressive vocabulary size at 18 months is over 100 words and children are 
beginningto produce some simple 2-word sentences ("My truck!”); at 24 months 
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it is over 300 words and most productions contam word combinations rather 
than single words (Stoel-Gammon, 1998). Both form and content development 
are beginning to emerge at this stage, with children learning the meanings for 
specific words, and beginning to put words together with consistem word order 
(producing "My truck” consistently and not “Truckmy”). Moreover, these new 
form and content achievements are being quickly integrated for use within the 
range of communicative acts that emerged preverbally By 24 months of age, 
average children are using words and word combinations more frequently than 
gestures or preverbal vocalizations. 

Parents of children with ASD often report that the second year of life was the 
time they became seriously concerned about their aífected child's development. 
Children with ASD in their second year often fail to show responsiveness to 
words. Paul et al (2004) and Bruinsma et al. (2004) found that comprehension 
skills are depressed relative to production in the second year of life, while the 
gap tends to narrow, with receptive skills moving closer to expressive leveis in 
the third to fourth year. Moreover, these children continue to be less attentive 
and responsive to voices during their second year, and this lack of responsiveness 
is related to later language development (Rutter et al, 1992). 

Parents' most pressingconcernsinthe child's second year, though, are typically 
around the child's speech, usually because the child failed to begin saying words, 
or because he or she learned a few words and never went farther, or lost the 
early words acquired. About 20% of children who end up on the autism spectrum 
experience a regression in skills, usually loss of the ability to say words, during 
their second year (Hoshino et al., 1987; Kobayashi&Murata, 1998; Kurita, 1985; 
Rogers & DiLalla, 1990; Tuchman & Rapin, 1997). In total, about 40-50% of 
children with ASD never develop the ability to speak beyond a few single words 
(Tager-Flusberg et al, 2005). Even those who do speak are often very slow to 
develop words and word combinations, and speak very little until late in the 
preschool years. 

Delays in language in the early preschool years are not specific to autism, how- 
ever (Cantwell et al, 1980). In fact, delay in language development is the most 
common presenting problem for preschool children referred for special educa- 
tional or psychiatric evaluations (American Speech-Language-Hearing Associ- 
ation, 2002). Moreover, a minority of children with ASD do not show any delays 
in language development; on the contrary, they may be precocious in their acqui- 
sition of words and sentences. These children may turn out to have Aspergers 
syndrome, a variant of ASD in which children show normal cognitive and 
language development, but significam difficulties in social uses of language 
and social interaction (Klin & Volkmar, 1997). The existence of this syndrome 
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suggests that, even though abnormalities in communication are a core feature 
of pervasive developmental disorders (PDDs), slower language acquisition is 
neither necessary nor sufficient for a diagnosis within the autism spectrum. To 
determine that a child has ASD, we need to look for problems beyond the slow 
growth of language, at more basic issues of communication including gestures, 
gaze, and vocalization. We know now that language in autism is variable and 
that there are likely to be subgroups of individuais within the autism spectrum 
that have distinct language profiles (Tager-Flusberg & Joseph, 2003). 


Preschool development 

The preschool period (ffom 3 to 5 years of age) is the time during which the 
typical child's language evolves ffom simple word combinations to fully gram- 
matical forms. In addition to rapidly acquiring new vocabulary, the child also 
goes through a process of approximating more and more closely the grammat- 
ical form of the language spoken in the home. There is evidence of the child’s 
active role as a hypothesis generator in the frequent occurrence of overgener- 
alized forms, such as "goed,” "comed,” and "mouses” (Cazden, 1968; Pinker, 
1999). These errors are taken as evidence that the child is indeed acquiring a 
rule-governed system, rather than learning these word endings by imitation or 
on a word-by-word basis. 

As the child’s grammar becomes more complex, sentence length increases 
(Brown, 1973; Loban, 1976; Miller & Chapman, 1981) and children begin to 
use a variety of sentence forms including statements, negatives, and questions. 
As language form in simple sentences approaches the adult model, complex 
sentences using embedded clauses ("Whoever wins can go first”) and conjoined 
clauses ("Then it broke and we didn’t have it any more”) emerge (Paul, 1981). 

In addition to expanding their sentence forms, typically developingpreschool- 
ers learn to articulate and combine the sounds of their language to produce 
speech that is understandable to their listeners. Although preschoolers may still 
make some articulation errors, such as saying wabbit for rabbit, in general listen¬ 
ers can understand almost all of what they say by the time they reach 4 years of 
age (Weiss et ai, 1987). 

In addition to changing their use of grammatical and phonological forms, 
children between 3 and 5 years of age also change the content that they express 
in their sentences. Earlier utterances generally described actions and objects that 
were immediately present, in the "here and now.” During later preschool years, 
sentence content expands to allow for reference to events that are remote in time 
and space, "there and then” (Chapman, 2000). 
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Children also begin to use their language in more diverse ways at this time 
(Dore, 1978) to include imaginative, nonliteral, interpretive, and logical func- 
tions. A variety of more advanced conversational uses also emerge and become 
refined. Children increase their ability to maintain and add new information to 
the conversational topic; to clarify and request clarification of misunderstood 
utterances; to make their requests or comments using polite or indirect forms; 
and to choose the appropriate speech style on the basis of the speaker s role 
and the listenebs status (Bates, 1976; Chapman, 2000). Children also begin to 
engage in different types of discourse including story-telling, recounting events, 
and personal narratives, all ofwhich follow cultural conventions. 

For children with ASDs, there is considerable variability in the rate at which 
language progresses among those children who do acquire some speech at this 
time (Lord et al, 2004). Certain preverbal skills, especially the ffequency of 
initiating joint attention and imitation, are strong predictors of the onset of 
speech for children with ASD (Charman et al, 2003; Rogers et al, 2003; Sigman 
& Ruskin, 1999), and there is also often a relationship between IQ and language 
outcomes (Lord & Rutter, 1994), although higher leveis of nonverbal IQ are not 
always associatedwithhigher-level language skills (Howlinetaí., 2004; Kjelgaard 
& Tager-Flusberg, 2001). 

Although few longitudinal studies of language acquisition among verbal chil¬ 
dren with autism have been conducted, the research suggests that progress in 
learning language form and content follows pathways similar to those seen in 
typical development (e.g. Tager-Flusberg et aí., 1990). For example, studies have 
shown that verbal children with autism use semantic groupings (e.g. bird, boat, 
food ) in typical ways to categorize and to retrieve words (Boucher, 1988; Minshew 
& Goldstein, 1993; Tager-Flusberg, 1985). They also increase sentence lengthand 
complexity in much the same sequence as do other children (Tager-Flusberg 
et al, 1990). Generally, articulation development is on a par with mental age 
(Bartolucci et al, 1976), although distortions of late-developing speech sounds 
tend to persist more frequently in this population than in typical development 
(Gibbon et al, 2004; Shriberg et al, 2001). Although many children with ASD 
who learn to speak eventually acquire forms and meanings that are more or less 
appropriate for their overall developmental levei, some continue to show déficits 
in the areas relative to nonverbal functioning (Tager-Flusberg & Joseph, 2003). 

However, there are some special features of language form and content that 
appear when children with ASD begin to talk. One feature that is sometimes 
noted is pronoun reversal (Fay, 1969), usually in the form of substituting you for 
I (e.g. “Pick you up!”). Although this was originally thought to represent a 
failure of ego development, Fay (1971) pointed out that, rather than actually 
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reversing pronouns, children with ASD were failing to reverse them; preserving 
the pronoun used in speaking to them when speaking themselves (Adult: “Do 
you want me to pick you up?” Child: “Pick you up!”). Tager-Flusberg (1994) 
found that many young children with autism went through a stage of reversing 
pronouns, though as they got older the more linguistically advanced children 
stopped making these errors. We now see pronoun reversal as an instance of 
another feature of early language in ASD: echolalia. 

Echolalia is the repetition, with similar intonation, of words or phrases that 
someone else has said. It can be immediate, for example, a child might repeat 
the teacheks greeting, "Hi, Sammy,” exactly as it was said to him. Echolalia can 
also be delayed, as in the case of a child who approaches his mother and says, 
“It’s time for you to go outside now” as a signal that he wants to play outdoors, 
repeating a phrase he has heard his parents say in the past. Echolalia was once 
viewed as an undesirable, dysfunctional behavior (Lovaas, 1977), but we now see 
it as a strategy the child uses to attempt to communicate (Tager-Flusberg et al, 
2005). McEvoy et al. (1988) found that immediate echolalia was most ffequent 
in children with autism who had minimal expressive language. 

When children with autism do echo, they often use echolalia for a variety 
of communicative purposes (Prizant & Duchan, 1981). Shapiro (1977) and Carr 
et al. (1975) found that children with autism were most likely to echo questions 
and commands that they did not understand or for which they did not know the 
appropriate response. Although echolalia is one of the most classic symptoms 
of autism (Kanner, 1946), not all children with autism echo, nor is echoing seen 
only in autism. It also occurs in blind children, in children with other language 
impairments, in older people with dementia, and in some normally developing 
children at early stages of communication (Yule & Rutter, 1987). For all chil¬ 
dren, including those with autism, echolalia declines over the course of develop¬ 
ment. It appears to function primarily to help children maintain communication 
with others, especially when they have very little ability to express their own 
intentions through spontaneous language. As expressive ability grows, echoing 
decreases. 

Another area of special diíhculty for children with autism who speak is the 
use of prosody. Prosody includes features such as vocal quality, intonation, and 
stress patterns, which are ffequently noted to be unusual in individuais with 
ASDs (Rutter et al., 1992). Ricks and Wing (1976) carried out one of the first 
studies in this area, looking at parents’ identification of the meaning of the 
prelinguistic vocalizations of young children with ASD. They found that parents 
of children with autism were unable to understand the preverbal vocalizations of 
other children with autism, even though they could understand their own child’s 
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messages. In contrast, parents of typically developing children could understand 
vocalizations of typical children who were not their own, as well as those of 
their own child. Sheinkopf and his colleagues conducted a detailed examination 
of the vocal behavior of young preverbal children with autism and a group 
of comparison children with developmental delays (Sheinkopf et al, 2000) and 
found that children with ASD showed significant impairments invocai quality. In 
addition to their odd intonation, vocalizations of children with autism were less 
likely to be paired with other nonverbal communication, such as shifts in gaze 
or gesture or changes in facial expression than they were for the other children 
(Hellreigel et al, 1995). These findings suggest that the source of the diíference 
between the vocalizations of the young children with autism and those of other 
young, nonverbal children was in both social intent and in a more basic aspect 
of the form of the vocalization. 

In children with ASD who speak, intonation or “tone of voice” differences are 
also often reported. The most frequently cited tone is monotony, but Fay and 
Schuler (1980) also describe a subset of autistic individuais who used an exagger- 
ated sing-song rather than flat pattern. Goldfarbetflí. (1956) and Pronovost etal. 
(1966) found unusually highpitch leveis in speakers with ASD. Other voice disor¬ 
ders, such as hoarseness, harshness, and hypernasality, have also been reported, 
as well as poor control of volume, with unexplained fluctuations (Pronovost 
et al, 1966). Fay (1969) reported ífequent whispering among children who echo. 

Research on Asperger's syndrome suggests that these abnormalities in into¬ 
nation and prosody may be more prevalent for these speakers (Eisenmajer et al, 
1996). But Shriberg and colleagues (Shriberg et al, 2001) analyzed speech sam- 
ples collected from speakers with autism or Aspergeks syndrome and found few 
differences in prosody between the two groups. They reported that about half of 
their sample expressed prosodic abnormalities, particularly in the areas of stress 
or emphasis, and nasal voice quality. Like echolalia, prosodic difficulty is not 
exclusive to autism; it is also seen in children with mental retardation (Shriberg 
& Widder, 1990) and specific language disorders (Hargrove, 1997), as well as in 
adults with certain kinds ofbrain damage (Patel etal, 1998). Moreover, Shriberg 
et al. (2001) and Baltaxe (1977) found that prosodic déficits were not universal 
among speakers with ASD, appearing in about half of the individuais in the sam- 
ples studied. Nonetheless, Paul et al. (2005) showed that when prosodic déficits 
are present they affect listeners' perceptions of the speakers' social and commu¬ 
nication competence. Although there are few formal assessments or treatment 
programs for prosodic disorders, this remains a significant area of impairment 
for many speakers with ASD. 

By far, however, the greatest number of difficulties in the language of speakers 
with ASD are in the area of language use. Unlike typically developing age mates, 
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who are expanding and elaborating their forms and functions of communication 
during the preschool period, children with ASD show less frequent and less varied 
speech acts in free play or more open-ended situations, even when their responses 
to highly structured situations were similar to those of control groups (Landry 
& Loveland, 1989; Mermelstein, 1983; Wetherby & Prutting, 1984). Preschool 
children with autism rarely use language for comments, showing off acknowl- 
edging the listener, initiating social interaction, or requesting information. The 
speech acts that are missing or rarely used in the conversations of children with 
autism all have in common an emphasis on social rather than regulatory uses of 
language (Wetherby, 1986). 

Some children with autism never acquire functional language. Early estimates 
of the prevalence of muteness in ASD were in the range of40-50% (Lord & Paul, 
1997). However, recent longitudinal studies of children referred for possible 
autism at early ages have suggested that the proportion of children with ASD 
who do not use words to speak is less than 20% by school age (Lord et al, 
2004). This change may be due to recent improved access to early intervention 
(Goldstein, 2002). However, current research suggests that children who have not 
begun speaking during the preschool or early school years have a much reduced 
likelihood of developing speaking after this point (Bryson et al, 1988; Paul & 
Cohen, 1984). Moreover, many of these children have very low nonverbal IQ 
scores (Lord & Rutter, 1994). For these nonspeakers with ASD, again, problems 
go beyond not talking to include difficulty in attending to and understanding 
language, in initiating communication to share attention and emotion, in using 
normal vocal quality (even preverbal vocalization), in directing communication 
to others with gaze, and in using conventional gestures to get messages across 
(Tager-Flusberg et al, 2005). 

Efforts to provide children with ASD with alternative forms of communica¬ 
tion, such as Sign language or pictures, aíford some help in increasing the child's 
ability to express wants and needs, but they rarely result in fluent and fully func¬ 
tional use of the alternative system, as is seen, for example, in the use of Sign 
by children who are deaf. However, very little is known about communication 
development in nonspeaking children with autism, since very little research has 
focused on these children. 


Later language development 

During the school-age and adolescent years, the main changes that take place in 
typical language development involve: 

(1) an increase in the use of language forms that are more abstract and formal, such 
as those used in written rather than spoken language; 
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Figure 4.3 Communication is a universal déficit in children with autism spectrum disorder. 


(2) an increase in vocabulary specific to topics, such as those taught in the school 
curriculum, e.g. Science, social studies, math; 

(3) increases in the ability to handle figurative language and multiple or ambiguous 
meanings ofwords and sentences; 

(4) a great expansion in the flexibility of language used to accomplish a wider range 
of interpersonal goals, as children move beyond the family to interact more 
intensively with peers, teachers, and other adults. 

Individuais with autism continue to make progress in language and related 
developmental domains well beyond the preschool years. Paul and Cohen (1984) 
found that both comprehension and expressive abilities continued to improve 
in these populations through adolescence and adulthood, although expressive 
language showed greater rates of improvement than understanding. In another 
series of follow-up studies in Britain, almost all of the participants with autism 
showed substantial improvements in formal aspects of language into adulthood 
(Cantwell & Baker, 1989). However, the group with autism who had serious 
receptive language déficits in early childhood, remained more severely language 
delayed as a whole (Rutter et al, 1992). 

The 20-30% of people with ASD who have IQs in the normal range - indi¬ 
viduais with high-functioning autism (HFA) and Aspergebs syndrome - often 
have large vocabularies and a rich knowledge of words (Fein & Waterhouse, 
1979; Jarrold et al, 1997; Kjelgaard & Tager-Flusberg, 2001) by the time they 
reach school age. They have age-appropriate language forms and may show a 
"bookish” (Wing, 1981), "high-falutm ,” pedantic style of speech (Ghaziuddin 
etal, 1992) that can sound odd to peers, and lead adults to refer to them as “little 
professors.” They often appear more comfortable, and are more easily accepted 
by adults than by typical age mates. McHale and Colleagues (1980) showed 
that autistic students communicated more in the presence of their teachers 
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than in their absence, and directed their communication to adults more than to 
peers. 

Many of these children can achieve normally in many areas of academics, 
particularly those that require little social knowledge, such as mathematics and 
Science. They often read at grade levei although there is frequently a disconnect 
between their ability to decode words and their ability to comprehend what they 
read. Some children with ASD show hyperlexia, an unusual, precocious ability 
to decode words, often acquired without instruction, but with very little under- 
standingofwhatis read (Grigorenko et ah, 2003). More commonly, though, basic 
reading comprehension is present, but students with ASD have trouble under- 
standing reading material that requires the understanding of motives, plans, 
goals, and deceit that are often found in school literature selections (Westby, 
2005). 

In these higher-functioning individuais it is also common to see a large degree 
of dissociation between the form and function of their oral language (Tager- 
Flusberg, 1994). Despite their expansive vocabularies and complex sentences, 
their ability to use language to establish and maintain interaction can be severely 
limited, as is their use of language to explain or describe events in a conversational 
context (Ziatas etal ., 2003). The rate ofinitiation of spontaneous communication 
can be very low. In a study by Stone and Caro-Martinez (1990), the frequency of 
communication in school was two or three spontaneous acts per child per hour, 
only half of the children ever directed a communication to a peer. Moreover, 
understanding language in conversational and other discourse contexts remains 
a significant challenge for students with both HFA and Aspergebs Syndrome 
because so much communication among older children and teenagers involves 
slang, sarcasm, jokes, and other nonliteral forms of language. 

Despite these déficits in language use, most speakers with ASD do attempt to 
use their language to communicate even if only in limited ways. They attempt to 
use language to oífer new information, to communicate with different people, 
and are more likely than children without speech to address some communica¬ 
tion to peers as well as adults, though rates are still low (Stone and Caro-Martinez, 
1990). Bernard-Opitz (1982) showed that the communicative performance of one 
child with autism showed some pragmatic variation with different interlocutors 
and in different settings, indicating some social awareness in his use of language. 
Still, difficulties in listening, selfdirected speech, problems in following rules of 
politeness, irrelevant remarks, difficulties in keeping the cooperative back-and- 
forth flow of topics in conversation going, and in supplying new information 
relevant to a listenebs purposes are common in many high-functioning speakers 
with ASD (Baltaxe, 1977; Rumsey et ah, 1985). In general, the strategies used by 
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individuais with ASD to maintain conversation are less advanced than formal 
language ability would predict. 

An additional conversational problem seen in this population is the ability to 
infer and respond appropriately to the interlocutohs implicit intentions. As men- 
tioned earlier, typical speakers sometimes need to trade directness for politeness 
and this can lead them to use forms of language that can be difficult for the 
person with HFA or Asperger s syndrome to interpret. A person with ASD who 
is asked, "Can you tell me the time?” might answer, simply, "Yes,” for example. 
Paul (1987) related the example of a young man with ASD who was asked by a 
shoe store clerk whether the shoes he was trying on were too big and "slipped 
up and down on his feet.” The young man replied, “No.” After a few moments 
however, he clarified his response by saying, “They slip down and up." This high 
degree of literalness in interpreting conversational language can lead the young 
person with ASD into various kinds of difficulties in trying to understand others' 
underlying intentions, when they neither say exactly what they mean, nor mean 
exactly what they say 

Many investigators believe that these overly literal interpretations, and other 
problems seen in social communication in ASD, are related to déficits in what is 
called "theory of mind” (ToM), the ability to understand that other people can 
have mental States that might differ from our own, or from reality (such as when 
a mother believes that her keys are on the kitchen table but they are not, in fact, 
because her teenager took them without asking). A large body of research has 
shown that in tasks that require speakers with ASD to solve problems involving 
theories of mind and false beliefs, they do less well than we would predict based 
on their language and cognitive leveis (see Tager-Flusberg, 2000, for discussion). 
This finding highlights the need for high leveis of integration among language, 
thought, and social knowledge that are required in even the most ordinary day- 
to-day interactions, and the degree of handicap that results from failures in the 
development and integration of these systems even in very intelligent speakers 
with ASD. 

There are few differences in the language characteristics of subjects with HFA 
and Asperger s syndrome. However, people with Asperger s do show a greater 
tendency to be verbose. Ghaziuddin and Gerstein (1996) report that people 
with AspergeTs syndrome often talk too much and have trouble taking turns 
in conversation (Ramberg et al, 1996), and Shriberg et al. (2001) reported a 
significantly higher rate of utterances per minute in AspergeTs syndrome than 
in HFA. In general, though, an important difference between speakers with ASD 
and other populations with language impairments has been that, in most groups 
with language impairment, the more a child talks, the less likely it is that the 
language will have unusual characteristics. In contrast, two studies with autistic 
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children and adolescents showed that subjects' unusual aspects of language and 
lack of cohesiveness increased with the amount of speech (Caplan et al, 1994; 
Volden & Lord, 1991). 

The tendency toward a pedantic language style, although it may be present in 
speakers with any ASD, is also especially strong in young people with Aspergebs 
syndrome, who often, in addition, have obsessive interests in narrow, idiosyn- 
cratic topics, such as dead-end roads or deep-fat ffyers, about which they can 
amass a startling amount of knowledge and will discuss at length without regard 
to their listenebs interest (Klin et al, 2000). 


Older nonspeakers with autism spectrum disorder 

For individuais with ASD who do not begin using functional speech by the age 
of six or so, the chances that speech will develop are much reduced. There are 
case reports of children with ASD who began speaking later in life (Mirenda, 
2003; Windsor et al, 1994), but these are the exception rather than the rule. 
Some older children with ASD may produce speech occasionally, use a few 
single words, or be able to echo but not produce spontaneous language. None 
of these would be considered to have functional speech, which means that the 
person uses a variety of words and sentences routinely to get needs met and 
engage in social interaction. For people without functional speech, a variety of 
augmentative and alternative communication (AAC) strategies are often used 
to attempt to provide a means by which individuais can express themselves. 
This is especially important because nonspeakers with ASD sometimes adopt 
maladaptive ways of trying to get their needs met, such as throwing tantrums 
or hurting themselves to get others to pay attention or to escape frorn things 
they do not want to do; AAC strategies can often provide these nonspeakers 
with more conventional ways to accomplish their goals. Methods that are used 
to provide a communication system to nonspeakers with ASD include Signs of 
American Sign Language, pictures on a board or in a book they carry with them to 
point out what they want, electronic devices that “talk” for them by using either 
pictures linked to stored words and phrases, or keyboards that “speak” what the 
user types. Since the great majority of older nonspeakers with ASD have low 
IQs, few are able to master the literacy skills needed for these more advanced 
electronic Systems, and so Sign or picture Systems are most commonly used. 

Assessing communication 

When individuais are diagnosed with ASD, one of the important elements of 
their assessment is a detailed description of their communicative strengths and 


144 Autism and Pervasive Developmental Disorders 



Figure 4.4 Augmentative and alternative communication devices can help nonspeaking children 
with autism spectrum disorder interact more successfuüy with others. 


needs. Every individual with ASD will have needs in the area of communication, 
since this is a core déficit in the autism spectrum. But the kinds of needs vary 
depending on the individuafs age, levei of function, and individual profile. For 
this reason, assessment of communication is always part of the diagnostic and 
educational evaluation for children on this spectrum. 

As we have seen, some children with ASD do not talk at all. In these cases it will 
be especially important to evaluate how they communicate in other ways, such 
as gestures, gaze, and vocalizations, as well as what they understand of others' 
communication. Many individuais at this levei may be too young or too impaired 
to engage in standard testing procedures. Less formal procedures that include 
observing the child responding to "temptations” to communicate (offering a toy 
contained in a closed jar that the child needs to ask for help to open) are often 
used to elicit nonverbal communicative behaviors in this population. A sample 
scoresheet that might be used to summarize an informal evaluation such as this 
appears in Table 4.1. Comprehension is often assessed by asking these individuais 
to follow instructions with objects, rather than asking them to point to pictures, 
since they usually find concrete materiais may be more appealing and easier to 
relate to words heard. 

For children who can speak, the usual kinds of tests for assessing language 
levei can be used. However, these will often need to be supplemented with 
observations of communication behavior in the context of conversation to deter¬ 
mine whether there is a disconnect between the elements of language form and 
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meaning that are typically measured in standard tests and the use of language to 
achieve reciprocity and adequate exchange of information in discourse. Check- 
lists like the one in Box 4.1 are often used to organize these observations, which 
may take place between the child and parent, clinician, or peer. In addition, areas 
of language known to be difficult for speakers with autism, such as understand- 
ing figurative language, multiple meaning words, and ambiguous sentences can 
be assessed with tests specially designed to probe these abilities. 


Intervention for communication 

Most children with ASD will benefit ífom therapies designed to improve 
their ability to communicate and engage in social interactions. For young and 
lower-functioning children, therapy may include highly structured, behaviorist 
approaches designed to teach a sequence of discrete skills such as vocal imita- 
tion, responses to specific words, and single word production (e.g. Sundberg 
& Michael, 2001). Other approaches can also be used at this stage that include 
more naturalistic activities, such as withholding a snack or play material until 
the child requests it in some way (by looking at it and grunting, perhaps), grad- 
ually "upping the ante” to include more conventional forms of requesting (such 
as pointing), eventually working towards words and word combinations (Kaiser 
etal ., 1992). Once words and simple sentences are acquired, longer and more elab- 
orate utterances are encouraged through continued use of similar techniques. 

For older, higher-functioning children who masterbasic elements of language, 
focused training in social uses of communication is often necessary. Approaches 
that incorporate typical peers are especially eífective (Paul, 2003). These include 
having the child watch videos of typical peers enacting a social scene, then 
rehearsing and re-enacting the scene; learning "scripts” for particular social skills 
such as introducing, asking for a date or requesting homework help and grad- 
ually fading the script; and training peers to provide rewards to students with 
ASD who approach them, greet them, share a conversational topic with them, 
etc. 

For children with ASD who do not acquire speech, again, AAC techniques are 
taught in much the same way as beginning speech, by rewarding children for 
making a Sign or pointing to a picture, using either behaviorist techniques or 
more naturalistic approaches (e.g. Bondy & Frost, 1998). Research to date has 
not established that one of these techniques is clearly superior to another. Many 
therapists use a mix of approaches or try to match the child's individual needs 
and style to an intervention system that seems the best complement. 
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Box 4.1. Pragmatic checklist 

Expresses a variety of communicative intents 

Explains 

Persuades 

Imagines 

Others 

Manages turns and topics in conversation 

Takes turn appropriately 
Allows others appropriate turns 
Maintains others' topics 
Initiates topics appropriately 
Adds relevant info to others' topics 
Switches topics appropriately 

Varies speech style 
Uses a polite register 
Talks differently to peers/adults 
Uses language appropriate for social situation 
Shows “theory of min d” in conversation 
Uses pronouns appropriately 
Uses ellipsis appropriately 
Gives adequate information 
Responds to requests for clarification 
Sensitive to listener cues for more/less 
Makes appropriate judgments about listeners 
prior knowledge 
Speech and language are clear 
Speech is clear and understandable 
Prosody is typical for age 
Information is concise and orderly 
Information is unambiguous 
Word choice is precise and appropriate 
Language is not rambling, confusing 
Ideas are linked coherently 
Scoring 

2 present most of the time 
1 present sometimes; emerging 
0 hardly ever present or absent 
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Conclusion 

Children with ASD show a range of déficits in communication, which constitutes 
one of the core déficits of the autism spectrum. Many of these children are 
slow to begin talking, and for the portion of the population with ASD who do 
acquire speech, there are features, such as echolalia and use of prosody, that 
show deviance in addition to delays in development. Whereas many speakers 
with ASD develop more or less developmentally appropriate forms and meanings 
for words and sentences, déficits in the use of language for social purposes are 
universally seen in this population. These déficits can serve as major impediments 
to successful social adaptation and acceptance, even for very intelligent people 
on the spectrum, who can show large vocabularies and age appropriate school 
achievement in many areas. Explicit training in social uses of language can be 
helpful to reduce these handicaps. 

For children with ASD who do not acquire speech, or who show limited 
language development, intensive instruction and remediation are needed to 
help the individual reach his or her potential. Often augmentative systems, 
including Signs, picture communication systems, and electronic aids can be 
helpful in increasing the ability to communicate and reducing the likelihood of 
maladaptive forms of communication. These children, too, however, will need 
help in learning to use whatever communication system they have to engage in 
spontaneous, meaningful social interactions. 

Families, educators, and therapists who work with children with ASD to 
improve communication skills face a difhcult task in attempting to overcome 
one of the core symptoms of this disorder. However, research has shown that 
intervention makes a difference, and that early intervention focused on commu¬ 
nication and social skills can significantly improve the outlook for individuais on 
the spectrum (National Research Council, 2001). These findings provide the hope 
and optimism needed to engage in the long-term, intensive work of opening the 
channel of communication to children with ASD. 


Acknowledgments 

Preparation of this chapter was supported by Research Grant PO 1-03 008 funded 
by the National Institute of Mental Health (NIMH), STAART Center grant U54 
MH66494 funded by the National Institute on Deafhess and Other Commu¬ 
nication Disorders (NIDCD), the National Institute of Environmental Health 
Sciences (NIEHS), the National Institute of Child Health and Human Devel¬ 
opment (NICHD), the National Institute of Neurological Disorders and Stroke 


149 Communication and its development in ASDs 


(NINDS), and by a MidCareer Development grant to Dr. Paul, K24 HD045576 
funded by NIDCD as well as by the National Alliance for Autism Research. 

The author wishes to express her appreciation to Professor Helen Tager- 
Flusberg and Professor Catherine Lord for their contributions to this chapter. 


REFERENCES 

Acredolo, L. and Goodwyn, S. (1988). Symbolic gesturing in normal infants. Child Development, 
59, 450-66. 

Adamson, L. B. and Bakeman, R. (1991). The development of shared attention during infancy. In 
R. Vasta, ed., Annals of Child Development. Vol. 8. London: Kingsley, pp. 1-41. 

American Speech-Language-Hearing Association (ASHA) (2002). Guidelines for roles and respon- 
sibilities for school-based speechdanguage pathologists. ASHA 2002 Desk Reference. Vol 3. 
Rockville, MD: ASHA, pp. 240-311. 

Baldwin, D. A. (1991). Infants' contribution to the achievement ofjoint reference. Child Development, 
62, 875-90. 

Baltaxe, C. (1977). Pragmatic déficits in the language of autistic adolescents. Journal ofPediatric 
Psychology, 2, 176-80. 

Bartolucci, G., Pierce, S., Streiner, D., and Tolkin-Eppel, P. (1976). Phonological investigation of 
verbal autistic and mentally retarded subjects. Journal of Autism and Childhood Schizophrenia, 
6, 303-15. 

Bates, E. (1976). Language in Context. New York: Academic Press. 

Bernard-Opitz, V (1982). Pragmatic analysis of the communicative behavior of an autistic child. 
Journal ofSpeech and Hearing Disorders, 47, 99-109. 

Bloom, L. (1993). The Transition from Infancy to Language: Acquiring the Power of Expression. 
Cambridge: Cambridge University Press. 

Bloom, L. and Lahey, M. (1978). Language Development and Language Disorders. New York: Wiley. 

Bondy, A. and Frost, L. (1998). The picture exchange communication System. Seminars in Speech 
and Language, 19, 373-89. 

Boucher, J. (1988). Word fluency in high-functioning autistic children. Journal of Autism and Devél- 
opmental Disorders, 18, 637-45. 

Brown, R. (1973). A First Language. Cambridge: Harvard University Press. 

Bruinsma, Y, Koegel, R., and Koegel, L. (2004). Joint attention and children with autism: a review 
of the literature. Mental Retardation and Developmental Disabilities Research Reviews, 10,169-75. 

Bruner, J. S. (1975). The ontogenesis of speech acts. Journal of Child Language, 2, 1-19. 

Bryson, S. E., Clark, B. S., and Smith, T. M. (1988). First report of a Canadian epidemiological 
study of autistic syndromes. Journal of Child Psychology and Psychiatry, 29, 433-45. 

Butterfield, E. L. and Siperstein, G. N. (1972). Influence of contingent auditory stimulation upon 
nonnutritional sucking. In J. Bosma, ed., Oral Sensation and Perception: The Mouth of the Infant. 
Springfield, IL: Charles Thomas, pp. 129-48. 


150 Autism and Pervasive Developmental Disorders 


Cantwell, D. P. and Baker, L. (1989). Infantile autism and developmental receptive dysphasia: a 
comparative follow-up into middle childhood. Journal of Autism and Developmental Disorders, 
19, 19-30. 

Cantwell, D. P., Baker, L., and Mattison, R. E. (1980). Psychiatric disorders in children with speech 
and language retardation. Archives of General Psychiatry, 37, 423-6. 

Caplan, R. Guthrie, D., Shields, W D., and Yudovin, S. (1994). Communciation déficits in pediatric 
complex partial seizure disorders and schizophrenia. Development and Psychopathology, 6, 499- 
517. 

Carpenter, M., Nagell, K., and Tomasello, M. (1998). Social cognition, joint attention, and com- 
municative competence frorn 9 to 15 months of age. Monographs ofthe Society for Research in 
Child Development, 63(4), Serial No. 255. 

Carr, E., Shriebman, L., and Lovaas, O. L. (1975). Control of echolalic speech in psychotic children. 
Journal ofAbnormal Child Psychology, 3, 331-51. 

Cazden, C. (1968). The acquisition of noun and verb inflections. Child Development, 39, 443-8. 

Chapman, R. S. (2000). Children’s language learning: an interactionist perspective. Journal of Child 
Psychology and Psychiatry, 41, 33-54. 

Charman, T, Baron-Cohen, S., Swettenham, J. et al. (2003). Predicting language outcome in 
infants with autism and pervasive developmental disorder. International Journal of Language 
and Communication Disorders, 38, 265-85. 

Chawarska, K. and Volkmar, F. (2005). Autism in infancy and early childhood. In F. Volkmar, A. 
Klin, and R. Paul, eds., Handbook of Autism and Pervasive Developmental Disorders. Vol. 1 New 
York: Wiley, pp. 223-46. 

Dore, J. (1978). Requestive Systems in nursery school conversations: analysis of talk in its social 
context. In R. Campbell and P. Smith, eds., Recent Advances in the Psychology of Language. New 
York: Plenum, pp. 343-50. 

Eisenmajer, R., Prior, M., Leekam, S. et al. (1996). Comparison of clinicai symptoms in autism and 
Asperger's disorder. Journal of the American Academy of Child Adolescent Psychiatry, 35, 1523- 
31. 

Fay, W. (1969). On the basis of autistic echolalia. Journal of Communication Disorders, 2, 38-47. 

Fay, W (1971). On normal and autistic pronouns. Journal of Speech and Hearing Disorders, 36, 242-9. 

Fay, W and Schuler, A. L. (1980). Emerging Language in Autistic Children. Baltimore: University Park 
Press. 

Fein, D. and Waterhouse, L. (1979). Autism is not a disorder of language. Paper presented at the 
October meeting of the New England Child Language Association, Boston. 

Fenson, L., Dale, R, Reznick, J. et al. (1994). Variability in early communicative development. 
Monographs ofthe Society for Research in Child Development, 59(5), Serial No. 242. 

Ghaziuddin, M. and Gerstein, L. (1996). Pedantic speaking style diflerentiates Asperger syndrome 
from high-functioning autism. Journal of Autism and Developmental Disorders, 26, 585-95. 

Ghaziuddin, M., Tsai, L., and Ghaziuddin, N. (1992). Brief report: a comparison of the diagnostic 
criteria for Asperger syndrome. Journal of Autism and Developmental Disorders, 22, 643-9. 

Gibbon, E, McCann, J., Peppe, S., 0’Hare, A., and Rutherford, M. (2004). Articulation disorders in 
children with high-functioning autism. Paper presented at the World Congress of the Interna¬ 
tional Association of Logopedics and Phoniatrics, September, Brisbane, Australia. 


151 Communication and its development in ASDs 


Goldfarb, W, Braunstein, P., and Lorge, I. (1956). A study of speech patterns in a group of 
schizophrenic children. American Journal of Orthopsychiatry, 26, 544-55. 

Goldstein, H. (2002). Communication intervention for children with autism: a review of treatment 
efficacy. Journal of Autism and Devdopmental Disorders, 32, 373-96. 

Grigorenko, E. L., Klin, A., and Volkmar, F. (2003). Hyperlexia: disability or superability? Journal 
of Child Psychology and Psychiatry, 44, 1079-91. 

Hargrove, P. (1997). Prosodic aspects of language impairment in children. Topics in Language 
Disorders, 17, 76-83. 

Hellreigel, C., Tao, L., DiLavore, R, and Lord, C. (1995). The ejfect of context on nonverbal social 
behaviors ofveryyoungautistic children. Paper presented at the biannual meetings of the Society 
for Research in Child Development, Indianapolis, IN, April. 

Hoshino, Y., Kaneko, M., Yashima, Y. etal. (1987). Clinicai features ofautistic children with setback 
course in their infancy. Japanese Journal of Psychiatry and Neurology, 41, 237-45. 

Howlin, R, Goode, S., Hutton, J., and Rutter, M. (2004). Adult outcome for children with autism. 
Journal of Child Psychology and Psychiatry, 45, 212-29. 

Huttenlocher, J. (1974). The origins of language comprehension. In R. L. Solso, ed., Theories in 
Cognitive Psychology. Hillsdale, NJ: Lawrence Erlbaum, pp. 331-68. 

Jarrold, C., BoucherJ., andRussellJ. (1997). Language profilesin children with autism: theoretical 
and methodological implications. Autism, 1, 57-76. 

Kagan, J. and Lewis, M. (1965). Studies of attention in the human infant. Merrill-Palmer Quarterly, 
11, 95-127. 

Kaiser, A., Yoder, P.J., andKeetz, A. (1992). Evaluatingmilieu teaching. InS. WarrenandJ. Reichle, 
eds., CausesandEffectsinCommunicationandLanguagelntervention. Baltimore: PaulH. Brookes, 
pp. 9-47. 

Kanner, L. (1946). Irrelevant and metaphorical language. AmericanJournal of Psychiatry, 103, 242-6. 

Kjelgaard, M. and Tager-Flusberg, H. (2001). An investigation of language impairment in autism: 
implications for genetic subgroups. Language and Cognitive Processes, 16, 287-308. 

Klin, A. and Volkmar, F. (1997). Asperger's syndrome. In D. J. Cohen and F. R. Volkmar, 
eds., Handbook of Autism and Pervasive Devélopmental Disorders, 2nd edn. New York: Wiley 
pp. 94-122. 

Klin, A., Volkmar, F, and Sparrow, S, eds. (2000). Asperger Syndrome. New York: Guilford Press. 

Kobayashi, R. and Murata, T. (1998). Setback phenomenon in autism and long-term prognosis. 
ActuarialPsychiatry Scandanavia, 98, 296-303. 

Kurita, H. (1985). Infantile autism with speech loss before the age of 30 months. Journal of the 
American Academy of Child Psychiatry, 24, 191-6. 

LaBarbera, J., Izard, C., Vietze, R, and Parisi, S. (1976). Four and six month old infants’ visual 
responses tojoy, anger, and neutral expression. Child Development. 47, 535-8. 

Landry, S. H. and Loveland, K. A. (1989). The effect of social context on the functional communi¬ 
cation skills of autistic children. Journal of Autism and Devélopmental Disorders, 19, 283-99. 

Lempers, J. (1976). Production of pointing, comprehension of pointing, and understanding of 
looking behavior. Unpublished doctoral dissertation, University of Minnesota. 

Loban, W. (1976). Language Development: Kindergarten Through Grade 12. Urbana, IL: National 
Council of Teachers of English. 


152 Autism and Pervasive Developmental Disorders 


Lord, C. and Paul, R. (1997). Language and communication in autism. In D. J. Cohen and F. R. 
Volkmar, eds., Handbook of Autism and Pervasive Development Disorders, 2nd edn. New York: 
John Wiley, pp. 195-225. 

Lord, C. and Rutter, M. (1994). Autism and pervasive developmental disorders. In M. Rutter, 
L. Hersov, and E. Taylor, eds., Child and Adolescent Psychiatry: Modem Approaches, 3rd edn. 
Oxford: Blackwell, Scientific, pp. 569-93. 

Lord, C., Shulman, C., and DiLavore, P. (2004). Regression and word loss in autistic spectrum 
disorders. Journal of Child Psychology and Psychiatry, 45, 936-55. 

Lovaas, O. I. (1977). The Autistic Child. New York: Irvington. 

McEvoy, R. E., Loveland, K. A., and Landry, S. H. (1988). The functions of immediate echolalia in 
autistic children: a developmental perspective. Journal of Autism and Developmental Disorders, 
18, 657-68. 

McHale, S., Simeonsson, R. J., Marcus, L. M., and Olley, J. G. (1980). The social and symbolic 
quality of autistic children’s communication. Journal of Autism and Developmental Disorders, 
10, 299-310. 

Mermelstein, R. (1983). The relationship between syntactic and pragmatic development in autistic, 
retarded, and normal children. Paper presented at the Eighth Annual Boston University Con- 
ference on Language Development, Boston, October. 

Miller, J. and Chapman, R. S. (1981). The relation between age and mean length of utterance in 
morphemes. Journal ofSpeech and Hearing Research, 24, 154-62. 

Minshew, N. J. and Goldstein, G. (1993). Is autism an amnesic disorder? Evidence from the Califórnia 
Verbal Learning Test. Neuropsychology, 7, 209-16. 

Mirenda, P. (2003). "He’s not really a reader ...”: perspectives on supportingliteracy development 
in individuais with autism. Topics in Language Disorders, 23, 271-82. 

Mundy, P. andBurnette, C. (2005).Joint attentionand neurodevelopmental models of autism. InF. 
Volkmar, A. Klin, and R. Paul, eds., Handbook of Autism and Pervasive Developmental Disorders. 
Vol. 1. New York: John Wiley, pp. 650-82. 

Mundy, R, Sigman, M., and Kasari, C. (1994). Joint attention, developmental levei, and symptom 
presentation in autism. Development and Psychopathology, 6, 389-401. 

National Research Council (2001). Educating Children with Autism (C. Lord andj. McGee, eds.). 
Washington, DC: National Academy Press. 

Oller, K. (1978). Infant vocalization and the development of speech. Allied Health and Behavior 
Sciences, 1, 523-49. 

Owens, R. E.,Jr. (2004). Language Development: An Introduction, 5th edn. Needham Heights, MA: 
Allyn & Bacon. 

Patel, A., Peretz, L, Tramo, M., and Lebreque, R. (1998). Processingprosodic and musical patterns: 
a neuropsychological investigation. Brain and Language, 43, 4-11. 

Paul, R. (1981). Complex sentence development. In J. Miller, ed., Assessing Language Production in 
Children. Boston: Allyn & Bacon, pp. 36-44. 

Paul, R. (1987). The natural history of infantile autism. In D. Cohen and A. Donnellan, eds., 
Handbook of Autism and Pervasive Developmental Disorders. New York: John Wiley, pp. 121- 


32 . 


153 Communication and its development in ASDs 


Paul, R. (2003). Promoting social communication in high-functioning individuais with autistic 
spectrum disorders. Child and Adolescent Psychiatric Clinics ofNorth America, 12, 87-106. 

Paul, R. and Cohen, D. J. (1984). Outcomes of severe disorders of language acquisition. Journal of 
Autism and Developmental Disorders, 14, 405-22. 

Paul, R. and Shiffer, M. (1991). Expression of communicative intention in normal and late-talking 
toddlers. Applied Psycholinguistics, 12, 416-32. 

Paul, R., Chawarska, K., Klin, A., and Volkmar, F. (2004). Profiles of communication in toddlers 
with autism spectrum disorders. Paper presented at the American Psychological Association, 
Honolulu, Hawaii, August. 

Paul, R., Shriberg, L., McSweeney, J. et al. (2005). Brief report: relations between prosodic per¬ 
formance and communication and socialization ratings in high functioning speakers with 
autism spectrum disorders. Journal of Autism and Developmental Disorders, 35, 861-9. 

Pinker, S. (1999). How the mind works. Annals of the New York Academy of Sciences, 882, 119— 
27. 

Prizant, B. and Duchan, J. (1981). The functions ofimmediate echolalia in autistic children. Journal 
of Speech and Hearing Disorders, 46, 241-9. 

Pronovost, W, Wakstein, M., and Wakstein, D. (1966). A longitudinal study of speech behavior and 
language comprehension in fourteen children diagnosed as atypical or autistic. Exceptional 
Children, 33, 19-26. 

Ramberg, C., Ehlers, S., Nyden, A.Johansson, M., and Gillberg, C. (1996). Language andpragmatic 
functions in school-age children on the autism spectrum. European Journal of Disorders of 
Communication, 31, 387—413. 

Ricks, D. M. and Wing, L. (1976). Language, communication and use of symbols. In L. Wing, ed., 
Early Childhood Autism. Oxford: Pergamon Press, pp. 93-134. 

Rogers, S. J. and DiLalla, D. L. (1990). Age of symptom onset in young children with pervasive 
developmental disorders. Journal of the American Academy of Child and Adolescent Psychiatry, 29, 
863-72. 

Rogers, S., Hepburn, S., Stackhouse, T, and Wehner, E. (2003). Imitation performance in toddlers 
with autism and those with other developmental disorders. Journal of Child Psychology and 
Psychiatry, 44, 763-81. 

Rumsey, J. M., Rapoport, M. D., and Sceery, W R. (1985). Autistic children as adults: psychiatric, 
social, and behavioral outcomes. Journal of the American Academy of Child Psychiatry, 24, 465- 
73. 

Rutter, M., Mawhood, L., and Howlin, P. (1992). Language delay and social development. In 
P. Fletcher and D. Hall, eds., Specific Speech and Language Disorders in Children: Correlates, 
Characteristics and Outcomes. London: Whurr Publishers, pp. 63-78. 

Shapiro, T. (1977). The quest for a linguistic model to study the speech of autistic children: studies 
of echoing. Journal of the American Academy of Child Psychiatry, 16, 608-19. 

Sheinkopf, S., Mundy, R, Oller, K., and Steífens, M. (2000). Vocal atypicalities ofpreverbal autistic 
children. Journal of Autism and Developmental Disorders, 30, 345-54. 

Shriberg, L. and Widder, C. J. (1990). Speech and prosody characteristics of adults with mental 
retarda tion. Journal of Speech and Hearing Research, 33, 627-53. 


154 Autism and Pervasive Developmental Disorders 


Shriberg, L., Paul, R., McSweeneyJ. etal. (2001). Speech and prosody characteristics of adolescents 
and adults with high-functioning autism and AS. Journal of Speech, Language, and Hearing 
Research, 44, 1097-115. 

Sigman, M. and Ruskin, E. (1999). Continuity and change in the social competence of children 
with autism, Down syndrome and developmental delays. Monographs ofthe Society for Research 
in Child Development, 64, Serial No. 256. 

Stoel-Gammon, C. (1998). Sounds and words in early language acquisition: the relationship 
between lexical and phonological development. In R. Paul, ed., Exploring the Speech-Language 
Connection. Baltimore: Paul H. Brookes, pp. 23-45. 

Stone, W L. and Caro-Martinez, L. M. (1990). Naturalistic observations of spontaneous commu- 
nication in autistic children. Journal of Autism and Developmental Disorders, 20, 437-53. 

Sundberg, M. and Michael, J. (2001). The benefits of Skirmer's analysis of verbal behavior for 
children with autism. Behavior Modification, 25, 698-724. 

Tager-Flusberg, H. (1985). The conceptual basis for referential word meaning in children with 
autism. Child Development, 56, 1167-78. 

Tager-Flusberg, H. (1994). Dissociations in form and function in the acquisition of language by 
autistic children. In H. Tager-Flusberg, ed., Constraints on Language Acquisition: Studies of 
Atypical Children. Hillsdale, NJ: Erlbaum, pp. 175-94. 

Tager-Flusberg, H. (2000). Language and understanding minds: connections in autism. In S. Baron- 
Cohen, H. Tager-Flusberg, and D. Cohen, eds., Understanding Other Minds: Perspectives from 
Autism and Developmental Cognitive Neuroscience, 2nd edn. Oxford: Oxford University Press, 
pp. 297-321. 

Tager-Flusberg, Ff. and Joseph, R. M. (2003). Identifying neurocognitive phenotypes in autism. 
Philosophical Transactions of The Royal Society. Series B, 358, 303-14. 

Tager-Flusberg, H., Calkins, S., Noin, I. et al. (1990). A longitudinal study of language acquisition 
in autistic and Down syndrome children. Journal of Autism and Developmental Disorders, 20, 
1 - 22 . 

Tager-Flusberg, FL, Paul, R., and Lord, C. (2005). Language and communication in autism. In 
F. Volkmar, A. Klin, and R. Paul, eds., Handbook of Autism and Pervasive Developmental Disorders. 
Vol. 1. New York: John Wiley, pp. 335-64. 

Tomasello, M. and Kruger, A. C. (1992). Joint attention on actions: acquiring verbs in ostensive 
and non-ostensive contests .Journal of Child Language, 19, 311-33. 

Tuchman, R. F. and Rapin, I. (1997). Regression in pervasive developmental disorders: seizures 
and epileptiform electroencephalogram correlates. Pediatrics, 99, 560-6. 

Volden, J. and Lord, C. (1991). Neologisms and idiosyncratic language in autistic speakers. Journal 
of Autism and Developmental Disorders, 21, 109-30. 

Volkmar, E, Chawarska, K., and Klin, A. (2005). Autism in infancy and early childhood. Annual 
Review ofPsychology, 56, 315-36. 

Weiss, C., Gordon, M., and Lillywhite, H. (1987). ClinicalManagementofArticulationandPhonological 
Disorders. Boston: Williams & Wilkins. 

Westby, C. (2005). Assessing and remediating text comprehension problems. In FL Catts and 
A. Kamhi, eds., Language and Reading Disabilities. Boston: Allyn & Bacon, pp. 274-340. 


155 Communication and its development in ASDs 


Wetherby, A. (1986). Ontogeny of communication functions in autism. Journal of Autism and 
Developmental Disorders, 16, 295-316. 

Wetherby, A. M. and Prutting, C. A. (1984). Profiles ofcommunicative and cognitive-social abilities 
in autistic children. Journal ofSpeech and Hearing Research, 27, 364-77. 

Wetherby, A., Woods, J., Allen, L. et al. (2004). Early indicators of autism spectrum disorders in 
the second year of lif e. Journal of Autism and Developmental Disorders, 34, 473-93. 

Windsor, J., Doyle, S., and Siegel, G. (1994). Language acquisition after mutism: a longitudinal 
case study of autism .Journal ofSpeech and Hearing Research, 37, 96-105. 

Wing, L. (1981). Asperger's syndrome: a clinicai account. Journal of Autism and Developmental 
Disorders, 9, 11-29. 

Yule, W and Rutter, M. (1987). Language Development and Disorders. London: MacKeith. 

Ziatas, K., Durkin, K., and Pratt, C. (2003). Differences in assertive speech actsproducedby children 
with autism, Asperger syndrome, specific language impairment, and normal development. 
Development and Psychopathology, 15, 73-94. 



5 


Genetic epidemiology of autism 
spectrum disorders 

Peter Szatmari 

Department of Psychiatry, McMaster University 

Marshall B. Jones 

Offord Centre for Child Studies, McMaster University 

Introduction 

Almost 30 years ago Hanson and Gottesman (1976) published a review article 
entitled "The genetics, if any, of infantile autism and childhood schizophrenia.” 
As the title suggests, the two authors found little evidence of a genetic role in 
the etiology of autism. “No strong evidence exists,” they wrote, "implicating 
genetics in the development of childhood psychoses that begin before the age 
of 5.” The viewpoint expressed in this article was not idiosyncratic and was 
generally held to be true at the time. Currently, the general viewpoint regarding 
autism has reversed itself completely. Autism today is thought to be one of the 
most heritable of all psychiatric conditions, more so than bipolar disorder or 
schizophrenia, and much more so than alcoholism or antisocial behavior. The 
issue today is not whether autism has a genetic basis but what that basis is, the 
specific genes involved, and how they act. 

Several developments were responsible for this reversal. The most influential 
was a series oftwin studies, the first ofwhich appeared ayear after the Hanson and 
Gottesman review. Folstein and Rutter (1977) attempted “to obtain information 
on all school-age autistic twin pairs (same sex twins at least one of whom was 
autistic) in Great Britain.” This attempt was implemented in a variety of ways, 
including a list of autistic twin pairs collected over the years by the late Dr. 
M. Cárter, a search of the records of all children known to the National Society 
for Autistic Children, and a request for cases published in the Society's newsletter. 
These efforts resulted in 11 monozygotic and 10 dizygotic pairs. Four of the 
monozygotic pairs were concordant for autism, which yielded a proband wise 
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concordance rate of 53%. None of the dizygotic pairs was concordant for autism, 
which, of course, yielded a proband wise concordance rate of 0%. 

The next twin study (Ritvo et al, 1985) obtained subjects primarily through 
an advertisement placed in the newsletter of the National Society for Autistic 
Children, USA. Unfortunately, this same advertisement also solicited children 
who came from multiplex sibships, i.e. sibships with more than one affected child. 
This combined solicitation of both twin and multiplex families could reasonably 
be expected to skew the twin results toward concordant pairs. Those results were 
22 concordant out of 23 monozygotic pairs for a proband wise concordance rate 
of 98% and 4 concordant out of 17 dizygotic pairs for a proband wise concordance 
rate of 38%. 

In 1988 Smalley and colleagues summarized twin studies of autism to that 
time. These studies were the Folstein-Rutter and Ritvo studies plus 11 monozy¬ 
gotic and 9 dizygotic pairs from single-case studies. They also corrected all of the 
results for a well-known ascertainment effect, namely that when searches are 
made for autistic twins, concordant pairs are roughly twice as likely to be located 
as discordant pairs. Correcting for this effect, Smalley and colleagues found an 
overall concordance rate of 64% for the monozygotes and 9% for the dizygotes. 

The third study (Steffenburg et al. ,1989) was carried out in Denmark, Finland, 
Iceland, Norway, and Sweden. In Denmark and Sweden, cases were obtained 
primarily through the twin registers maintained in those two countries. In the 
remaining three countries (none of which maintained national twin registers) 
cases were obtained through the National Autistic Societies or through specialists 
who were contacted and asked if they knew of any autistic twins. These eíforts 
succeeded in locating 11 monozygotic pairs plus a triplet, all three of whom 
were concordant for autism, and 10 dizygotic pairs. Ten of the monozygotic 
pairs were concordant for autism which, together with the concordant triplet, 
yielded a proband wise concordance rate of 96% (23 of 24). None of the dizygotic 
pairs was concordant so that in this case, as in the Folstein-Rutter study, the 
concordance rate for dizygotic pairs was 0%. 

An extension of the early Folstein-Rutter study has been reported by Bailey 
etal. (1995). The extension includes 23 monozygotic pairs plus 1 triplet. Thirteen 
of the 23 pairs are concordant and all 3 members of the triplet are autistic, which 
yields a concordance rate of 73% (29 of 39). The extension also includes 20 
dizygotic pairs, none of whom is concordant. 

In the same years that these twin studies were being conducted, the analy- 
sis of twin data was also developing. For decades concordance rates from twin 
studies had been made to yield heritability estimates by means of formulas 
originally advanced by Holzinger (1929). The Holzinger estimates, however, 
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were arbitrary and bore no demonstrable relation to genetic theory. Concor- 
dance rates could, however, be related to genetic theory if it were assumed that 
a person became affected when an underlying, continuous, and normally dis- 
tributed liability exceeded a threshold value. Falconer (1965), who introduced 
this formulation, also assumed that the underlying liability constituted a final 
common path for all determinants of the disorder, environmental as well as 
genetic. Subsequent papers by Edwards (1969) and Smith (1970, 1974) advanced 
Falconer’s approach. 

Estimating heritability by reference to an underlying liability continuum 
brings into play a consideration that was ignored in the Holzinger estimates, 
i.e. population risk. In the Falconer approach the same concordance rates for 
monozygotic and dizygotic twins may give rise to very different heritability esti¬ 
mates, depending on population risk. In general, the rarer a condition is the 
higher the heritability estimate will be for the same concordance rates. Autism 
was once thought to be a rare condition. The population risk was generally esti- 
mated at between 4 and 10 cases per 10 000. It is now thought to occur at a rate 
of roughly 16 per 10 000 (Chakrabarti & Fombonne, 2001). Hence taking either 
population risk into account tends to reinforce the impression one gets from 
the raw concordance rates that autism is highly heritable. Using the Falconer 
approach, heritability estimates for autism based on the summary by Smalley 
et al. (1988), the North European study by Steffenburg and associates, or the 
recent extension of the Folstein-Rutter study are all in excess of 90%. 

Hanson and Gottesman (1976) based their conclusion that autism was proba- 
bly not genetic on the result culled from the literature then available, that “very 
few siblings of early onset cases are affected.” By "early onset cases” the two 
authors meant "cases where the proband’s disorder begins before the age of 
5.” For this group of probands they quoted a 1.8% rate of “schizophrenia or 
schizophrenic like childhood psychosis in siblings.” Given that "schizophrenia or 
schizophrenic like,” while it might include autism, could also include children 
with psychoses or developmental delay who were not specifically autistic, the 
figure of 1.8% should probably be regarded as an upper bound. Even if the true 
risk to siblings was considerably less than 1.8%, say 1.0%, it would still be greater 
than the population risk and, in the next two decades, estimates of sibling risk 
would increase steadily. 

In their review of the literature, Smalley et al. (1988) summarized six "recent 
studies” of sibling risk, all published after the Hanson and Gottesman paper and 
all focused on autism specifically. Their estimate of the sibling risk of autism, 
based on all six studies, was 2.7%, a substantial increase over the estimate made 
by Hanson and Gottesman. 
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About the same time as the Smalley et dl. review, Jones and Szatmari (1988) 
pointed out that autistic children tended to be born late in their sibships. In 
this respect autistic children were similar to children with Down’s syndrome 
or cerebral palsy They suggested that the explanation was also similar. The 
parents of children with burdensome conditions that become apparent at birth 
or in early childhood were less likely to have more children than other parents. 
They abbreviated their family because the burden of the child they already had 
was great and they feared, in addition, the probability of having another such 
child. If every autistic child was the last in his or her sibship, then no sibship 
could have more than one affected child and the risk to siblings would be zero. 
The conclusion, however, that autism was not genetic would plainly not be 
warranted. If the tendency not to have any more children after the birth of 
an affected child was complete, a condition could be completely determined 
genetically and the risk to siblings could still be zero. 

In the presence of stoppage rules (as the tendency not to have more children 
is called) the segregation ratio has to be estimated by the recurrence risk, i.e. 
the risk to children born after the first affected child. This, in turn, requires a 
population with large families and little tendency to be deterred by the birth of 
handicapped children. The Mormon population in Utah is such a population. In 
an apparently complete survey of autism in this population, Ritvo et dl. (1989) 
reported a sibling risk of 4.5% and a recurrence risk of 8.6%. The sibling risk is 
somewhat higher than has been reported in most other studies, so perhaps the 
recurrence risk may somewhat overestimate the true segregation ratio. Even 
so, using the recurrence risk (and thereby avoiding an underestimate due to 
stoppage rules) yields an estimate of the segregation ratio that is twice that 
given by Smalley et dl. (1988) and very much larger than the estimate made by 
Hanson and Gottesman (1976). 

As a result of these twin and family studies, six early reviews (Folstein & Rutter, 
1977; Pauis, 1987; Reissetaí., 1986; Rutter et aí., 1990; Silliman et aí., 1989; Smalley 
et aí., 1988) all concluded that a genetic etiology is plausible for autism. Although 
individually many of the older studies suffered from convenience sampling, 
poorly standardized diagnostic procedures, nonblind assessments of relatives, 
etc., the consistency of results across studies is impressive. 

This chapter reviews more recent data on the role, rather than the existence 
or extent, of genetic factors in autism/pervasive developmental disorder (PDD). 
This involves consideration of issues that are commonly seen in other complex 
disorders, such as variable expressivity, pleiotropy, and genetic heterogeneity. 
The chapter concludes with a discussion of a genetic model for autism spectrum 
disorder (ASD) and several unresolved issues that must be addressed before 
further progress is possible. 
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Variable expressivity and pleiotropy 

Variable expressivity refers to the phenomenon whereby the genes for a disorder 
also confer susceptibility to milder or incomplete manifestations of the same 
disorder, even some that may fali below the threshold for a diagnosis. Variable 
expressivity is often seen in dominant Mendelian disorders such as tuberous scle- 
rosis and neurofibromatosis, and in complex genetic disorders due to a dynamic 
mutation such as fragile X syndrome and Huntington s disease. 

Several studies taken as a whole indicate that the genes for autism also confer 
susceptibility to milder or incomplete manifestations of autism. For example, the 
co-twins ofmonozygotic autistic probands can have atypical autism or Asperger s 
syndrome (Bailey et al, 1995; Folstein & Rutter, 1977) and the risk of Asperger s 
syndrome and atypical autism in the non-twin siblings of autistic probands is 
roughly 3% (Bolton et al, 1994). Thus the overall risk ofboth autism and other 
ASDs to siblings of autistic probands is 5-6% (Szatmari et al., 1993) even without 
taking account of stoppage. The risk relative to the general population cannot 
be calculated in this case because systematic data on the population prevalence 
of the other forms of ASD are not available. 

Another type of impairment that has recently been reported to occur in first 
degree relatives is a "lesservariant” of ASD characterized by similar impairments 
in reciprocai social interaction, communication and interests but not enough to 
merit a diagnosis of any form of ASD, even Asperger s syndrome. For example, 
Piven et al. (1994) report that parents of autistic children were more often rated 
as aloof, untactful, and unresponsive on a standardized personality interview 
than parents of Downs syndrome Controls. Similarly, Bolton et al. (1994) found 
that roughly 20% of siblings of autistic probands had social or communication 
impairments or a restricted pattern of interests compared with 3% of siblings 
of Down’s Controls (p < 0.001). Similar findings have been reported by Landa 
et al. (1992) and Narayan et al. (1990) using other measures. In these studies the 
ratings of social impairment were not conducted blind to proband status and 
the control group of parents of children with Downs syndrome (in the Piven 
et al., 1994 and Landa et al. ,1992 studies) were ascertained frorn a parent support 
group. Such parents might be expected to have better social skills than parents 
who do not belong to such organizations and this makes the comparison difficult 
to interpret. 

Two controlled studies have looked at the prevalence of milder social impair¬ 
ments in collateral second- and third-degree relatives of ASD probands. This is 
a useful design as second- and third-degree relatives share genes with autistic 
children but do not generally live with them. Thus if elevated rates of a condition 
are found in extended relatives this can be taken as reasonable evidence that the 
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elevated risk in siblings and parents is due to genetic factors, not shared environ- 
mental factors. Pickles et al. (1995) reported that the lesser variant was found 
in 6% of male second- and third-degree relatives of autistic probands compared 
with 3% in similar relatives of children with Downs syndrome. The finding of 
similar rates in second- and third-degree relatives is inconsistent with a purely 
genetic model but may have to do with the precision of measurement and low 
numbers. Szatmari et al. (2000) have also investigated rates of this same lesser 
variant in extended relatives. Families with two or more children aífected with 
ASD were compared with families with a single aífected male or female child 
and families that had either adopted an ASD child or were step-parents to an 
ASD child. The use of these groups Controls for familiarity with ASD among 
informants and allows for similar sampling procedures in proband and control 
families. It has been shown, for example, that familiarity with a disease can 
change rates of other conditions as reported by family history (Chapman et al, 
1994; Gibbons et al, 1993). Even with this design, Szatmari et al. (2000) found 
that rates of the lesser variant were more common among biological relatives 
of ASD probands than among nonbiological relatives, indicating that informant 
bias is not a major issue. 

Based on their twin study, Folstein and Rutter (1977) originally postulated 
that what is inherited in autism is not so much the disorder itselfbut rather more 
broadly based cognitive impairments, particularly in language. While several 
early family history studies have supported this finding (August et al, 1981; 
Baird & August, 1985; Minton et al, 1982), more recent studies using direct 
testing of parents and siblings have failed to confirm this result (Freeman et al., 
1989; Gillberg et al, 1992; Szatmari et al, 1993). Previous studies often failed to 
exclude siblings aífected with ASD and so the cognitive impairments reported 
may have been a part of the siblings' ASD instead of being due to a pure learning 
disorder. It appears as if persistent cognitive impairments are part of the autism 
phenotype only if also associated with social-communication problems. It is 
possible, however, that relatives are at risk of transient language delay that does 
not lead to chronic language impairment though this hypothesis remains to be 
tested. 

If it is true that variable expressivity exists (but is limited to other forms of 
ASD and the lesser variant), the next question is whether genetic or environ- 
mental factors account for these variations in severity. The best design to answer 
this question is to see whether concordant monozygous twins are more alike in 
severity than concordant dizygous twins. This would demonstrate that genetic 
factors account for variations in severity rather than environmental factors which 
can be either shared or nonshared. The one twin study with enough concordant 
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dizygous twins did not address this issue (Ritvo etal, 1985). An alternative design 
is to see whether the variation among affected (non-twin) siblings is less than 
the variation seen between affected ASD children from different families. The 
comparison of variation between and within families is estimated using an Intra- 
class Correlation Coeflicient (ICC) (similar to a Pearson correlation). Spiker et al. 
(1994) found very low correlations between affected siblings on IQ and autis- 
tic symptoms using a sample of 37 multiple-incidence families with autism. In 
contrast, MacLean et dl. (1999) found significant ICCs for measures of nonverbal 
IQ, communication, and socialization scores in a sample of multiple-incidence 
families with ASD children. Lower correlations were observed for autistic symp¬ 
toms (MacLean et dl ., 1999). Other more recent studies have found positive ICCs 
for some measures of autistic symptoms from the Autism Diagnostic Interview- 
Revised (ADI-R) (Silverman et al, 2002). Thus the results from these studies 
indicate that familial, and presumably genetic, factors account for the varia¬ 
tion in severity seen among ASD children. Such high correlations in clinicai 
features are also seen in disorders caused by dynamic mutations because the 
number of trinucleotide repeats will vary between families but will be similar 
within a family (Snell et dl., 1993). These findings are also seen in disorders with 
genetic heterogeneity; siblings will share the same genetic mechanism but may 
have different susceptibility genes than affected children from other families 
(see below). 

Another active area of investigation is whether the genes for autism/ASD 
confer susceptibility to qualitatively different disorders such as affective disorders 
or substance abuse. For example, if the genes involved in serotonin transmission 
are involved in the etiology of autism (Young et al, 1982), then these genes may 
confer susceptibility to other psychiatric disorders that are also associated with 
serotonin transmission. This is known as pleiotropy. 

Several studies have reported that parents and siblings of autistic probands have 
increased rates of affective and anxiety disorders. Two studies have used control 
groups and direct interviews of first degree relatives. For example, Piven et al. 
(1991) measured rates of psychiatric disorders using the Schedule of Affective 
Disorders and Schizophrenia Lifetime version in parents of autistic children 
compared with parents of children with Downs syndrome. Elevated rates of 
anxiety disorders were found (23.5% vs. 2.9%). Smalley et al. (1995) conducted 
semistructured psychiatric interviews on the parents and siblings of probands 
with autism and Controls with other neurological disorders. They reported that 
rates of major depression (32.3% vs. 11.1%), social phobia (20.2% vs. 2.4%), 
and substance abuse (22.1% vs. 0%) were significantly higher in relatives of the 
autistic children compared with Controls. 
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The key issue is whether this association is due to genetic or environmental 
mechanisms. It is possible, for example, that the stress of raising a profoundly 
handicapped child may, by itself, give rise to these disorders. Indeed, a number 
of studies have reported that parenting stress generated by the child's handicap 
correlates with the presence of depression in the mothers (Bristol & Schopler, 
1983; Holroyd & McArthur, 1976; Petersen, 1984; Wolf et al, 1989). However, 
Smalley et al. (1995) reported that the majority (64%) of parents of autistic 
probands had the onset of their mood disorder prior to the birth of the child 
with autism, compared with 20% of the parents of Controls, which suggests 
that the aífective disorder is not due to stress; however, this result needs to be 
replicated with a larger sample. 

The most informative design to resolve this issue is to use twin or adoption 
studies. None of the twin studies has reported rates of psychiatric disorders in 
discordam co-twins and there is only one adoption study in autism (Szatmari 
et al., 2000). Another informative design involves estimatingthe riskof psychiatric 
disorders in collateral relatives who do not live with a handicapped child. If these 
conditions have a genetic relation to autism, second- and third-degree relatives 
should also show an increased risk compared with population base rates. In a 
family history study, Szatmari et al. (1995) did not find that rates of psychiatric 
symptoms were increased in extended relatives of ASD probands compared with 
Controls. This suggests that the increased rate in parents reported in other studies 
may be, at least in part, a function of family stress; however, that study reported 
on rates of symptoms not disorders and used family history not direct interview 
of relatives. 


Conclusion 

It seems that there is now some agreement that autism is a strongly genetic 
disorder and that the genes for autism also confer susceptibility to other forms 
of ASD such as Asperger s syndrome, atypical autism, and perhaps to milder 
forms of social impairment that fali below a threshold for a diagnosis of ASD 
(the lesser variant). It also seems likely that the genes for autism do not confer 
susceptibility to persistent learning disabilities or mental retardation unaccom- 
panied by ASD-like social impairment. The evidence is not clear whether there 
is an increased risk for other psychiatric disorders such as aífective disorders and 
social phobia. Further replication of these latter findings is needed as well as twin 
and adoption studies to determine whether the observed familial aggregation is 
due to environmental or genetic factors. 
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Etiological and genetic heterogeneity in ASD 

There are several different meanings of the term "heterogeneity” in the context 
of genetic disorders. Etiological heterogeneity refers to the possibility that a 
disorder might be caused by both genetic and environmental etiologies. Genetic 
heterogeneity, on the other hand, refers to the possibility that ASD might be 
caused either by several mutations at a single genetic locus (intralocus or allelic 
heterogeneity) or by several genes at different loci (interlocus heterogeneity). 

There is, in fact, considerable evidence that autism is both etiologically and 
genetically heterogeneous. For example, autism occasionally occurs with cer- 
tain virai diseases such as congenital rubella and cytomegalovirus (Garrow 
et al, 1984) or as a result of maternal ingestion of anticonvulsants (Moore 
et al., 2000). Autism can also occur in association with several different chromo- 
somal abnormalities such as duplication of chromosome 15 (Xu etal, 2004) and 
different genetic diseases, i.e. tuberous sclerosis, neurofibromatosis, phenylke- 
tonuria, ffagile X syndrome, etc. (Ritvo et al, 1989). Such cases with known 
disease associations probably only account for 10-15% of the cases of ASD (Xu 
et al ., 2004). Furthermore, the mechanism of the comorbidity in these situations 
is unclear: is the autism a nonspecific sequela of the mental retardation or is it 
the direct result of disruption in certain key brain regions? 

Another important question is whether genetic heterogeneity exists among 
the idiopathic cases of ASD. There are several ways in which genetic heterogene¬ 
ity can be detected (Khoury et al., 1993). ff different mutations are associated 
with different clinicai features, heterogeneity can be detected by seeing if certain 
clinicai features run true within families. The Spiker et al. (1994) data, referred to 
earlier, reported that individual autistic behaviors as assessed by the ADI showed 
little or no correlation among affected siblings ffom the same family. However, 
MacLean etal. (2000) and other studies (Silverman et al ., 2002) have found that 1Q, 
severity of impairment, and summary measures of autistic behaviors do appear 
to run true within families. On the other hand, PDD subtypes do not (MacLean 
etal ., 2000). For example, probands with 1Q below 50 tend to have affected siblings 
with 1Q below 50, and probands with 1Q above 70 tend to have affected siblings 
with similar leveis oflQ. Butiftheproband hadAsperger s syndrome, the affected 
sibling is just as likely to have autism. Thus variations in severity, but not neces- 
sarily specific autistic behaviors, could be due to genetic heterogeneity; high- and 
low-functioning ASD probands could arise ffom separate genetic mechanisms. 

Another way of detecting heterogeneity in complex genetic disorders is to 
see whether there are differences in recurrence risk to relatives associated with 
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certain clinicai features of probands. This way of testing for genetic heterogeneity 
has proved very successful in mapping genes for other complex genetic dis- 
eases such as Alzheimer s disease, breast câncer, and diabetes. Ritvo et al. (1990) 
reported a higher risk of autism to siblings of female autistic probands com- 
pared with male probands (14% vs. 7%), however, power was too low to test 
this hypothesis adequately Bolton et al. (1994) reported that the risk of the lesser 
variant in siblings was higher in nonverbal probands compared with those who 
were verbal. In contrast, we found that the lesser variant was more common in 
higher-functioning sib pairs than in those who were lower functioning. There 
was, however, no difference in risk for the lesser variant by the sex of the proband 
in both studies. 

Conclusion 

It is clear that autism can rarely occur as a result ofboth virai etiologies and several 
single gene disorders. Among the idiopathic cases of autism, however, the picture 
is much less clear. There is some tentative evidence which suggests that severity 
ofimpairment appears to run true within families. In multiple incidence families, 
aífected siblings tend to show similar leveis of functioning. This suggests that 
perhaps higher- and lower-functioning sib pairs may arise from separate genetic 
mechanisms. This would be strengthened if there was converging evidence that 
the risk of the lesser variant of autism was more common in relatives of probands 
with high- or low-functioning autism. However, there is at present no agreement 
on this point. Clearly, more studies are needed to pursue the hypothesis that 
clinicai markers can delineate genetic heterogeneity. 

Possible genetic models 

Both the low risk to sibs and the anomalous sex ratio (approximately four males 
to every female) are incompatible with any simple Mendelian or single gene 
inheritance (i.e. autosomal recessive, dominant, or X-linked). These would pre- 
dict a recurrence risk of at least 25% to sibs, and either an equal sex ratio for 
autosomal transmission, or an overwhelming number of males compared with 
females for X-linked recessive transmission. The remaining possible modes of 
inheritance belong to the spectrum of complex genetic models (Kidd, 1981; Reich 
etal, 1972; Risch, 1990). 

Multilocus models 

Multilocus models are often diíferentiated into polygenic and oligogenic models. 
The polygenic model proposes that autism is caused by many genes each ofvery 
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small effect. In contrast, oligogenic models postulate that autism/ ASD is caused 
by a small number of genes. In both cases, the genes may interact in an additive 
or multiplicative (epistatic) manner. 

In a polygenic model, the liability to develop autism is normally distributed in 
the general population and is determined by the number of "autism” genes that 
a child inherits from both parents. To be consistent with the skewed sex ratio, 
separate thresholds can be postulated for males and females. The main problem 
with polygenic models is that further work at characterizing autism genes would 
be fruitless as each gene would only contribute a tiny portion of the variance 
to the disorder. In a sense, polygenic models represent the "null hypothesis” for 
genetic studies. 

The polygenic model is consistent with some but not all aspects of the genetic 
epidemiology of autism. For example, the relatives of female and low IQ probands 
should be at higher risk of autism/ASD and the lesser variant than relatives of 
male probands or those with higher IQ. As reviewed above, there are some limited 
data to support these predictions. Similarly, a complex segregation analysis per- 
formedbyjorde et al. (1991) on nuclear families indicated that the mode of trans- 
mission of autism within families (particularly the paucity of affected cousins) 
was most consistent with polygenic transmission. Unfortunately, complex segre¬ 
gation analysis has little power to discriminate among alternative genetic models 
(Ott, 1990) particularly if the issue of genetic heterogeneity is ignored, as it was 
in this study. 

Another useful way to differentiate polygenic and oligogenic epistatic models 
that is not affected by heterogeneity is to estimate the relative risk of a disorder in 
various classes of relatives. Risch (1990) has pointed out that if a disorder is caused 
by a single gene (and there are no dominance eífects), the relative risk should 
fali by roughly half as one looks at the relative risk in monozygous co-twins, 
siblings, and second- and third-degree relatives. For example, in a single-gene 
disorder, the relative risk might fali from 32 in monozygotic co-twins to 16 in 
first-degree relatives to 8 and 4 in second- and third-degree relatives, respectively. 
In a polygenic-epistatic model (where many genes each of small effect interact 
multiplicatively), the risk would fali as a function of the square root of the risk in 
the previous class of relative. For example, if the relative risk is 16 in first-degree 
relatives; the risk should be 4 in second-degree relatives; however, if the multiple 
genes interact in an additive manner, the overall effect will mimic the single-gene 
pattern (Risch, 1990). In an oligogenic model with epistatic eífects, the risk falis 
more rapidly than for a single gene but more slowly than in a polygenic model. 

Although there are data on the rates of autism in twins and siblings, they 
are much more limited for more distant relatives. Pooling the results of three 
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twin studies with systematic sampling, it is possible to estimate that the risk 
of autism to monozygotic co-twins is roughly 60%. There were no concordant 
dizygotic twins found in these three studies so the rate of 3% found in non-twin 
siblings can be used instead. If the prevalence of autism is taken to be 16 per 10 000 
(Chakrabarti & Fombonne, 2001), the relative riskgoesfrom375 in monozygotic 
twins to 19 in siblings. Such a large drop is clearly inconsistent with a single- 
gene model where the relative risk should fali to roughly 200. Under a polygenic 
(epistatic) model, the relative risk in siblings is much closer to the observed figure. 
Using family history from a single informant, Pickles et dl. (1995) were unable to 
detect any second- and third-degree relatives with autism, a finding that is also 
consistent with polygenic transmission; however, family history from a single 
informant will underestimate the true risk to extended relatives. 

The data are somewhat different if one focuses on the lesser variant. Pickles 
et dl. (1995) reported on rates of this personality characteristic in monozygotic 
twins, first-, second-, and third-degree relatives. The relative risk of this trait 
(excluding cases with autism) in monozygotic co-twins and siblings is 6.1 and 
3.7, respectively. Model fitting using a latent class analysis with the lesser variant 
was consistent with a three-gene model. By contrast, the relative risk for autism 
in this data set is 846 in monozygotic co-twins and 29.2 in siblings, a decrement 
entirely consistent with polygenic-epistatic transmission. Although latent class 
analysis can account for a certain extent of measurement error using family 
history, remaining error is likely to produce a pattern consistent with multiple 
genes (Szatmari & Jones, 1999). In other words, it is possible that the Pickles 
et al. (1995) result is a conservative one and the true number of genes involved 
in the lesser variant may be less than three. 


Candidate genes and association studies 

Given the strength of genetic effects it should be possible to identify autism- 
susceptibility genes. There are two approaches to gene identifications: associa¬ 
tion studies of candidate genes and genome-wide linkage scans. Candidate genes 
are genes that a priori might be involved in the etiology of autism (for example, 
genes that control serotonin metabolism). In association studies, the ffequencies 
of alleles or genotypes at a candidate locus are compared in children with autism 
and in unrelated Controls. Although such studies are able to detect genes that 
contribute a relatively small proportion of the variance to a disorder, there is 
considerable controversy on the use of association studies in complex genetic 
disorders (Crowe, 1993). A positive association may result from several mech- 
anisms, the marker loci may exist in linkage disequilibrium with susceptibility 
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genes, the measured alleles may be the susceptibility genes themselves, or else 
the result is a false-positive and reflects population admixture and stratification. 

As there is a highrate of false-positive findings with association studies (Hodge, 
1995) these results need to be replicated. Furthermore, if replicated, there needs 
to be evidence that the result is not due to population stratification. This can be 
accomplished by the use of family-based association studies, which are now the 
standard design. In recent years, many candidate genes have been found to be 
associated with autism (for a review, see Folstein & Rosen-Sheidley, 2001; and 
see also Ingram et al 2000; Pérsico et al, 2001; Tordjman et al, 2001; Wassink 
et al, 2001), but attempts to replicate these have been unsuccessful (Betancur 
et al, 2002; Li et al., 2001). Perhaps the most promising region identified by 
association methods is on chromosome 15 where ffequent chromosome dupli- 
cations have been documented. Recent reports using family-based association 
analyses suggest that the UBE3A locus or a subset of GABA genes in that region 
may be involved (Martin et al, 2000; Nurmi et al, 2001). 

While it is true that the association strategy is more powerful than linkage 
(Risch & Merikangas, 1996), our understanding of the pathophysiology of autism 
is probably too incomplete to prioritize the most relevant candidates. Many in 
the field (for example, Gershon et al, 2001 and Baron, 2001) believe that an 
approach that begins with a genome scan to localize regions ofinterest and then 
utilizes fine mapping to narrow the region probably has greater potential for 
identifying true "autism” genes. 


Genome-wide scans 

Linkage studies are based on the concept that if a disorder is caused by genetic 
factors, affected individuais in a pedigree will share genetic markers more often 
than by chance alone. If markers are shared and in linkage with the disease 
locus, they must be close to the actual genes that cause the disorder. Several 
genome-wide linkage scans have been conducted in autism using an affected sib 
pair design (dense pedigrees are not available due to stoppage rules and reduced 
fecundity). As shown in Table 5.1, these reports (Alarcon et al, 2002; Auranen 
et al, 2000; Barrett et al, 1999; Buxbaum et al, 2001; IMGSAC, 1998, 2001; Liu 
et al, 2001; Philippe et al, 1999; Risch et al, 1999; Shao et al, 2002) vary with 
respect to sample size, number of markers, map density, diagnostic instruments, 
methodofdiagnosis, andphenotypes analyzed. Ofthese, variationin the number 
of sib pairs (range 17-152) and in the diagnostic strategy employed is most 
marked. The only consistency across studies is in the use of the ADI to identify 
affected individuais. The use of other phenotypic data is surprisingly limited. 


Table 5.1 Review of genome-wide linkage studies of autism 



Year of 

n. of affected sibling 

Chromosome 


Highest LOD 

Research group publication 

pairs 

region 

Markers 

score 

IMGSAC, 

1998 

87 

7q 

D7S530/D7S684 

MLS2.53 




16p 

D16S407/D16S3114 

MLS 1.51 




4p 

D4S412 

MLS 1.55 

CLSA, 

1999 

75 

i3q 

D13S217/D13S1229 13q 

MMLS/ het 2.3 




i3q 

D13S800 

MMLS/ het 3.0 




7q 

D7S1813 

MMLS 2.2 

Philippe et al ., 

1999 

51 

6q 

D6S283 

MMLS 2.23 

Risch et ah, 

1999 

147 

IP 

D1S1675 

MMLS 2.15 

Auranen et ah, 

2000 

17 

3P 

D353038 

MLS 2.39 

Buxbaum et ah, 

2001 

95 total 49 “narrow” 

2q 

D2S364/D2S335 

HLOD 1.96 



definition 

2q 

D2S364/D2S335 

NPL 2.39 




2q 

D2S364/D2S335 

HLOD 2.99 




2q 

D2S364/D2S335 

NPL 3.32 

Liu et ah, 

2001 

118 total 75 

5q 

D5S2494 

MMLS 



"narrow” 

Xqter 

DXS1047 

2.55X-MLS 2.56 



definition 

19p 

D19S714 

MMLS 




Xqter 

DXS1047 

2.53X-MLS 2.67 




16p 

D16S2619 

MMLS 1.93M 




19q 

D19S587/D19S601 

MLS 1.70 




5q 

D5S2488 

MMLS 1.63 

IMGSAC 

2001 

152 total 127 “strict” 

2q 

D2S2188 

MMLS 3.74 



definition 

7q 

D7S477 

MMLS 3.20 




16p 

D16S3102 

MMLS 2.93 




i7q 

HTTINT2 

MMLS 2.34 




2q 

D2S2188 

MMLS 4.80 

Shao et ah, 

2002 

99 

3p 

D3S3680 

MLS 1.51 




7q 

D7S495 

MLS 1.66 




Xq 

DXS6789 

MLS 2.54 

Alarcon et ah, 

2002 

152 

7q 

D7S1824 

NPL-Z 2.98 

Auranen et ah, 

2002 

38 

3q 

D3S3037 

MLS 4.81 




7q 

D7S2462 

MLS 3.66 




Xq 

DXS7132 

MLS 2.75 




iq 

D1S1653 

MLS 2.63 

Yonan et ah, 

2003 

345 

i7q 

D17S1800 

MLS 2.83 




5P 

D5S2494 

MLS 2.54 




llp 

D11S1392/D11S1993 

MLS 2.24 




4q 

D4S2361 /D4S2909 

MLS 1.72 




8q 

D8S1832 

MLS 1.6 

Ylisaukko-oja 

2004 

17 Asperger's 

iq 

D1S484 

MLS 3.58 

et al, 


syndrome 

3p 

D3S2432 

MLS 2.50 




«q 

D13S793 

MLS 1.59 


CLSA: Collaborative Linkage Studies of Autism; IMGSAC: International Molecular Genetic Study of Autism 
Consortium; LOD: Log of the Odds Ratio. 
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Despite this variability, it is encouraging to see that preliminary linkage signals 
(LOD scores above 1.5) from different scans overlap (see Table 5.1) particularly 
on 7q, 16p, 17q, and 2q. It is difficult to interpret these results as none of the 
linkage signals is significant, according to current criteria (Lander & Kruglyak, 
1995), and the use of overlapping samples and different markers makes it difficult 
to conclude that a finding has been truly replicated. What is important though 
is that the linkage signals from different groups are reasonably consistent. Since 
the regions identffied are too large, and the LOD score peaks too low, to start 
fine mapping, more work is required to strengthen those signals. 

It is interesting to note that “broad” and "narrow” definitions of the ADI 
phenotype alone make little diíference to the linkage signals, suggesting that 
this approach to dealing with the complexity of autism is insufficient. Bradford 
et al. (2001), Buxbaum et al. (2001), and now Shao et al. (2002) report that some 
LOD scores on chromosomes 2, and 7 and 13, increase ifthe analysis is restricted 
to sib pairs with language delay. Alarcon et al. (2002) report a similar increase 
in linkage signal on chromosome 7 if the quantitative trait "age at first phrases” 
is used. The higher-linkage signals associated with these alternative phenotypes 
suggest that stratffication of sib pairs or the use of quantitative phenotypes to 
deal with possible heterogeneity may be important strategies. 

Based on several lines of evidence, perhaps the most promising susceptibility 
region for autism is on chromosome 7: 

(1) the region 7q31-35 contains the recently cloned FOXP2 gene responsible for a 
type of language disorder (Lai et al., 2001); 

(2) most children with autism have a serious language déficit (Kjelgaard & Tager- 
Flusberg, 2001); 

(3) two groups have reported that their LOD scores in this region increase if the 
phenotype is narrowed by requiring some measure of language delay in probands 
and relatives (Alarcon et al., 2002; Bradford et al., 2001); 

(4) several pedigrees with an autistic proband have been reported with apparent 
deletions in this region (Yu et al, 2002); 

(5) a recent meta-analysis of linkage results concurs that a susceptibility gene might 
well exist on 7q (Badner & Gershon, 2002). 

This enthusiasm must be balanced, however, by several reservations. First, the 
FOXP2 gene has been ruled out as a major susceptibility gene in autism and in 
specifk language impairment (Newbury et al, 2002). Second, the linkage signals 
on chromosome 7 are separated by large distances suggesting that perhaps there 
are several genes in the region or that the most appropriate phenotype has not 
yet been determined. Narrowing the region on chromosome 7 is not simply 
a matter of sample size or density of markers; even the study with the largest 
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sample size and the most markers could not resolve this issue (IMGSAC, 2001). 
We may have reached an impasse on refining the signals on chromosome 7 (and 
by implication elsewhere) unless the genetic complexity of autism is reduced by 
defining more specifk phenotypes within and between families. 


Modifier genes 

The term "intrauterine effects” refers to the possibility that the intrauterine envi- 
ronment may play a role in the etiology of autism in conjunction with genetic 
susceptibility in the child. These intrauterine effects may result ffom genetic 
conditions in the mother that place the developing fetus at risk. The classic 
example of this is phenylketonuria (PKU). The children of mothers with PKU 
often have developmental disabilities and congenital anomalies not because the 
children have PKU but because high leveis of maternal phenylalanine cross the 
placenta and affect the developing brain (Stevenson & Huntley, 1967). There is 
some evidence of an intrauterine effect in autism/ASD. One of the most consis- 
tent fmdings in autism is that affected children have a higher rate of pregnancy 
and birth complications than their siblings or Controls (Piven et dl ., 1993). These 
complications could conceivably arise ffom a genetic condition in the mother 
that might affect the fetus. In addition, we (Jones et al, 2004) have reported 
that variation in the maternal dopamine /3-hydroxylase and monoamine oxidase 
genes in the mother were associated with variation in the IQ of the affected 
children. The joint interaction of genetic susceptibility in the child and a mater¬ 
nal genetic factor that affects the intrauterine environment would look like an 
epistatic mode of transmission and is therefore consistent with the relative risk 
data in relatives presented earlier. 


Conclusion 

It has become abundantly clear that autism is a genetic disorder. The studies 
reviewed above, however, indicate that there is no consensus on the mode of 
transmission of autism/ASD. The genetic epidemiology of the disorder is com- 
plicated by variable expressivity and heterogeneity which makes it difhcult to 
decide who is affected in a pedigree, and thus to establish firmly the mode of 
transmission. 

It seems clear, however, that the data do not support a single gene model 
for autism. Therefore, at least two or more genes need to be considered. What 
is striking about the relative risk data in various classes of relatives is the fact 
that the pattern of fali in relative risk seems to be different if one focuses on the 
lesser variant. The decrement in relative risk for autism is consistent with an 


173 Genetic epidemiology of ASDs 


epistatic polygenic model whereas for the lesser variant the pattern is consistent 
with a very small number of genes or even a single gene. In other words, the 
genetic mechanism for the lesser variant may be different from the mechanism 
for autism. It may be that the lesser variant is caused by a very small number of 
genes, whereas autism is caused by additional genes or some other mechanism in 
addition to the genes for the lesser variant. The form of epistasis is unknown and 
may include gene-gene or gene-environment interactions. This is not dissimilar 
to the two-hit hypothesis currently considered as the mechanism for many forms 
of câncer (Knudson, 1971). What is encouraging at this point is that there is no 
reason to reject an oligogenic model in favor of a purely polygenic-epistatic 
one. 

Given the high heritability and risk to siblings, there is no logical reason that 
mapping autism genes cannot be successful. Linkage studies, however, need 
to be conducted on genetically homogeneous families where the disorder is 
caused by a few major genes. Without such evidence, linkage studies represent 
a high-risk strategy at best and require very large sample sizes. It is hoped 
that with more accurate knowledge about the inheritance of the lesser variant 
and a greater ability to identify more genetically homogeneous subgroups, the 
prospects for identifying "autism genes” are much more favorable now than 
they were just a few years ago. Once these genes are identified, it is hoped that a 
clearer understanding of pathogenesis will be possible and that this will lead to 
more effective interventions in the future. 
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Introduction 

The neurobiology of autism encompasses a wide range of neurophysiologi- 
cal, Chemical, neuroimaging, and morphological research data. However, there 
is no unifying etiological concept from which to deduce and explain biologi- 
cal markers and the various causes and consequences of psychiatric and physi- 
cal symptoms. For example, hypoactivation of the lateral right fusiform gyrus 
has been replicated as a neurofunctional marker, but it does not fully explain 
the social cognitive déficits in autism (Schultz et al, 2003) nor is it unique for 
autism (Quintana et al, 2003). Thus the relevance of obvious organic etiology 
to syndrome pathogenesis and the development of the affected child remains 
unclear. Some medicai conditions arise during the course of autism (for exam¬ 
ple, seizures), whereas others may be present ffom very early in life and thus 
probably are more likely relevant to etiology 

There are several challenges for reviewing the neurobiological basis of autism. 
Data are difficult to interpret because of small sample sizes, problems of diagnosis 
(particularly with severe mental retardation), a lack of reasonable control groups, 
a lack of replication studies, and contradictory findings due to the use of different 
classifying schemes and instruments. Examples of the latter are given by Eaves 
and Milner (1993) where they examine the relationship between two popular 
screening instruments for autism. Correlations between the Childhood Autism 
Rating Scale and the Aberrant Behavior Checklist ranged ffom —0.16 to 0.73 
with a median of 0.39 and with a moderate correlation on the nominal classifica- 
tion produced by the two tests. Diagnostic problems in neurobiological research 
further complicate the issue because the most widely used classification systems 
in child psychiatry differed in their approach until recently. In The Diagnostic 
and Statistical Manual of Mental Disorders (DSM-III-R), criteria for autism tended 
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to lead to overdiagnosis compared with the International Classification ofDisease 
(ICD-10) (Fombonne, 1992) and DSM-III (Volkmar & Cohen, 1988; Volkmar et 
al, 1992). Given this, DSM-III-Rguidelines workmore like a screening test (Szat- 
mari, 1992). Volkmar et al. (1992) compared the correlation between DSM-III, 
DSM-III-R, and the draft criteria of ICD-10, (ICD-10, 1993) in relation to each 
other and to clinicai diagnosis. Since then, DSM-IV and Research Diagnostic 
Criteria of ICD-10 have moved closer to each other, partly as a result of the 
DSM-IV autism/pervasive developmental field trial (Volkmar et al, 1994). The 
data from this field trial supported the ICD-10 approach because they had a bet- 
ter combination of a reasonable balance of sensitivity/specificity with coverage 
of the range of syndrome expression, and ease of use for clinicai and research 
purposes. 

Comorbidity is a major difficulty and source of lack of specificity in research 
findings. New epidemiological data show the overlap with mental retardation for 
autism spectrum disorder (ASD) (Chakrabarti & Fombonne, 2001) to be less than 
previously expected perhaps as a result of better and earlier intervention. Data 
from genetic studies, particularly the overlap in genomic scanning of attention 
déficit hyperactivity disorder (ADHD) with autism (Ogdie et al, 2003), is also 
interesting in clinicai studies. Finding commonalities in these different disorders 
would help resolve many conflicting results, but such work would require a 
higher number of samples and rigorous trial standards. 

All this notwithstanding, if research data were repeated and were not too 
anecdotal or based in single case reports, they could at least serve to generate a 
hypothesis. 

This review will cover any evidence that may suggest the importance of 
neurobiological mechanisms in syndrome pathogenesis within various fields, 
and medicai conditions that arise during the course of autism, for example, high 
rates of seizures. Variants such as AspergeTs syndrome and atypical autism will 
be discussed when appropriate and relevant. 

Neurology and related conditions 

Neurological dysfunction 

Approximately 75% of autistic subjects show abnormalities on neurological 
examination. These include soft and hard signs (Lisch et ai, 1993). Both soft and 
hard signs correlated with levei of intelligence (higher scores in more severely 
retarded subjects), without significam sex differences if intelligence was taken 
into account. Four percent had difficulties in the optomotoric activities, 5% in 
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their reflex status, 5% had abnormal extrapyramidal signs, 15% abnormal mus- 
cle tones, 60% dysdiadochokinesia and approximately one-third had difficulties 
with gait or postural positioning. Fifteen percent of the autistic probands who 
developed some language exhibited problems in articulation and coordination 
of speech. Sensory déficits were noted as well with small numbers having visual 
(4%) or hearing (2%) problems. These figures are probably biased by the prob- 
lem of participant cooperation during the examination. A third of the probands 
could only be observed during action, and sensory skills could only be checked 
superficially in about half of the sample. "Clumsiness” in this study did not 
differentiate high-functioning autism (HFA), Aspergebs syndrome, or autism 
with slight or moderate mental retardation. Similarly, Ghaziuddin et al. (1994b) 
could not differentiate probands with Aspergebs syndrome from those with HFA 
in regard to clumsiness as measured by tests of coordination (Rinehart et al, 
2006). 

There are few studies available with carefully controlled investigations in 
neurological dysfunction. Hallett et al. ( 1993) studied only five adults with autism. 
Three showed some gait irregularity, suggesting disturbance of the cerebellum. 
DeLong and Nohria (1994) reported positive neurological findings in half of the 
40 probands with ASD. 

Several additional abnormal signs were observed in children with autism. 
These included tone postural dysfunctions, dominance patterns, dermoglyphic 
patterns, and perinatal conditions. Kohen-Raz (1991) showed that weight distri- 
bution and toe synchronizations are stable from 5 years of age. Kohen-Raz et al. 
(1992) evaluated postural control in children with autism and mental retarda¬ 
tion compared with normal children. Postural patterns differed in children with 
autism from the other groups and also from adults with vestibular disorders. 
Postural patterns in children with autism were more variable, less stable with 
more lateral sway, and this group also had more so-called stressful postures, i.e. 
putting excessive weight on one foot, toe, or heel. fnstability of anteroposterior 
and total body sway, with some insensitivities to visual perception of environ- 
mental motion, were described by Gepner et al. (1995). 

fnterestingly, age of walking was not delayed in 93% of children with autism 
nor did age of onset of walking correlate with intellectual disability in a larger 
study of children with different disabilities (Kokubun et al, 1995) 

Hand dominance patterns of parents and other relatives of children with 
autism showed no increased incidence of left-handiness (Boucher et al, 1990). 

In the Basque Country, Arrieta et al (1990) found different digital and pal¬ 
mar dermatoglyphic patterns in autistic boys compared with Controls and other 
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differences in autistic girls, postulating a genetic basis for these differences. How- 
ever, Wolman et al. (1990) failed to establish discriminant patterns in dermato- 
glyphic analysis among children with autism and various control groups. 

In autistic individuais an excess in neurological signs is not necessarily obvious, 
of course. In a careful study, Skjeldal et dl. (1998) did find significant clinicai 
differences in, for example, tendon reflexes and mobility problems between 
children with autism and the control group. Rühl et dl. (2001) did not find 
differences in clumsiness between high-functioning and low-functioning autistic 
probands. 

Pre- and perinatal conditions 

The aim of many studies since the 1960s was to identify factors that were prob- 
ably relevam for the etiology of autism. In this context, several studies found 
significantly increased rates of obstetric complications in pregnancies resulting in 
the birth of autistic persons compared with different control groups (Deykin & 
MacMahon, 1980; Knobloch & Pasamanick, 1975; Lobascher et ai, 1970). The 
abnormalities described were manifold and they comprised pre-, peri-, and post- 
natal complications, such as prolonged time of gestation, neonatal cyanosis, 
umbilical strangulation, and severe neonatal icterus. 

In a Swedish register study (Hultman, 2002), perinatal risk factors linked to 
early fetal development were evaluated for association with maternal, pregnancy, 
delivery, and infant characteristics, and risk of infantile autism (according to the 
ICD-9 classification). This epidemiologically based case-control study for chil¬ 
dren younger than 10 years of age (born in Sweden 1973-93) compared 408 
children with autism (321 boys) with 2040 matched Controls. The risk of autism 
was associated with the mother smoking daily in early pregnancy, cesarean deliv¬ 
ery, the baby being small for gestational age, having a five-minute Apgar score 
below 7 (which suggests an association of asphyxia with autism as a threefold 
riskfactor), and congenital malformations. The threefold risk for autism among 
children of mothers born outside Europe or North America is probably influ- 
enced by selective migration of persons with a genetic vulnerability to autism 
or lack of immunity during pregnancy to certain virai infections uncommon in 
the mothebs country of origin. No association could be reported for head cir- 
cumference, maternal diabetes, being a twin, or season of birth. Thus findings 
suggested that intrauterine and neonatal factors related to deviam intrauterine 
growth or fetal distress may be importam in the pathogenesis of autism and 
probably reflect not only genetic factors but medication by environmental influ- 
ences. The results extend previous findings by other studies (e.g. Bolton et al, 
1997; Burd, 1999; Nelson et al, 1991). 



183 The neurobiology of autism 


The study is limited for various reasons (approximately 50% of the cases 
were found by comparing prevalence data in the 199Os), but the most common 
comorbid classifications were rather rare (intellectual impairment moderate 
to severe, uncertainty of the kind of classification in 37 cases, partial-complex 
epilepsy in 8 cases, and unspecified epilepsy in 7 cases). 

The results of these studies were inconsistent and partly contradictory Today 
they are difhcult to interpret for two reasons. First, the diagnostic criteria they 
used differ ífom the criteria used at present (i. e. DSM-IV- and ICD-10). Second, 
the studies themselves probably used variable diagnostic criteria, for example, 
including index probands exhibiting severe mental retardation with known etiol- 
ogy (such as rubella or tuberous sclerosis), and inclusion of probands exhibiting 
early-onset child psychosis. 

These observations make us question what the nature and meaning of the 
increased birth complication rate are, and to what extent these complications 
could have an etiological function in causing autism. Since the late 1970s, research 
findings have increasingly highlighted the important role of genetic factors in 
the etiology of autism, and these findings lead to a change of view regarding 
the role of birth complications in the etiology of autism. It is important to 
mention that objective and reliable instruments to register and measure birth 
complications were available at this time and used for research: the "optimality 
concept” (Prechtl, 1980, modified by Gillberg, 1983) and the Rochester Obstetric 
Scale (Sameroff et al, 1982). 

One of the first strong hints that genetic factors cause autism was given by 
the findings of Folstein and Ruttebs twin study (1977). They found a highly 
increased concordance rate for autism in monozygotic (MZ) twins (36%), but 
not for dizygotic (DZ) twins (0%) (MZ: n = 11; DZ: n = 10). Steffenburg et al. 
(1989) found even higher concordance rates for monozygotic twins (60%) in 
contrast to dizygotic twins (3%). 

Interestingly, Folstein and Rutter (1977) had found an increased rate of birth 
complications for the autistic twins, compared with their nonautistic twin sib- 
lings. Obviously twin studies cannot be generalized to singeltons because twin- 
ning itself affects a number of birth and malformation complications compared 
with singletons (Myrianthopoulos & Melnick, 1977) and these also have behav- 
ioral influences (Rutter & Redshaw, 1991). This finding can, along with the earlier 
research findings, suggest perinatal stress may cause significant brain damage for 
the autistic child and therefore probably may cause autism. However, there exist 
serious arguments and research findings that contradict this. Birth complications 
are a relatively nonspecific finding, and they can also be observed in children with 
autism as well as in nonautistic, healthy children. lf birth complications are an 
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etiologically relevant factor, autism would be expected to occur with increased 
frequency in populations with an increased risk for birth complications, such as 
in twins and populations with lower socioeconomical status. This seems not to 
be the case (Steffenburg & Gillberg, 1989). The complication factors observed in 
autistic probands are mostly quite mild and not usually known to cause severe 
brain damage or mental retardation (Bryson et al., 1988; Gillberg & Gillberg, 
1983; Levy et ai, 1988; Tsai & Stewart, 1983). Itis notpossible toidentify one sin¬ 
gle birth complication factor or group of factors regularly associated with autism 
(Gillberg & Gillberg, 1983; Rutter, 1988). An increased rate of birth complications 
can also be found in children with cerebral palsy and severe mental retardation 
(Miller, 1989; Nelson & Ellenberg, 1986; Rantakallio & von Wendt, 1985), and 
in children with chromosomal aberrations and genetic disorders (Bailey et al., 
1993a,b). 

Gillberg and Gillberg (1983) found complications during the course of preg- 
nancy for every autistic proband who later exhibited birth complications, and 
their conclusion was that birth complications could just have been the con- 
sequence of an existing prenatal abnormality. Perinatal complications, such as 
birth asphyxia, are not associated with autism except for those conditions that 
are correlated with prenatal complications (Goodman, 1990). 

Further research strengthened the presumption that autism is likely to be 
a genetically determined disorder. An important finding was that the autism 
rate of first-grade relatives of autistic persons is 50- to 100-fold higher than the 
normal incidence of the disorder, while second-grade relatives have a normal 
risk. One conclusion is that several interactive genes must be responsible for the 
disorder (Risch, 1990a,b; Jorde et al, 1991). With reference to a subpopulation 
of autistic probands Bolton et al. (1993) found a correlation between the rate 
of birth complications and several indicators that the disorder was genetically 
determined. 

Juul-Dam et al. (2001) found, in contrast to data ffom the normal population, 
a signiíicantly higher incidence of uterine bleeding (but also a lower incidence of 
maternal vaginal infection, and less maternal use of contraceptives during con- 
ception) for autism, and in the pervasive developmental disorder not otherwise 
specified (PDD-NOS) group a higher incidence of hyperbilirubinemia. Again, no 
uniíying feature could be established. On the basis of these findings, it appears 
to be quite unlikely that birth complication factors are directly responsible for 
the etiology of autism. In contrast, the concept of autism as a strongly genet¬ 
ically determined disorder supports the assumption that autism is a condition 
that produces an increased probability of pregnancy and birth complications. 
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Future research has to take into account the probable interactive nature of the 
relationship between autism and birth complications that are likely to influence 
the phenotype (severity) of the disorder. 

EEG abnormalities and seizure disorders in autism 

Early research findings reported an increased incidence of EEG abnormalities 
and seizure disorders in autistic persons (Ornitz, 1978). The prevalence of EEG 
abnormalities reported in the literature is high and in most studies more than 
half the autistic subjects have EEG abnormalities regardless of the occurrence of 
seizures (Tsaietaí., 1985); all regions ofthe córtex, mostly bilateral, are involved 
(Minshew, 1991). 

The incidence of epileptic seizures in autism range from about 25% to 30% by 
early adulthood (Volkmar & Nelson, 1990; Rutter, 1984, Deykin & MacMahon, 
1979). These values are markedly increased compared with the normal popula- 
tion of children and adolescents (0.5%; Rossi et al., 1995) and also increased if 
compared with other psychiatric populations. Some studies report lower rates. 
Wong (1993) found only 5% of children with autistic conditions to have epilepsy, 
the majority ofwhom had onset of seizures before the age of 1 year. 

Volkmar and Nelson (1990) found histories of seizure disorder in 21% of a 
sample of autistic subj ects (n = 192). In a retrospective study undertaken by C arod 
et al. (1995), 47% of the children with autism were seen to exhibit some kind of 
epileptic syndrome. Using a different approach, Steffenburg et al. (1996) found, 
in a population of school-age children exhibiting the combination of mental 
retardation and active epilepsy, that 2 7% had an autistic disorder. All these findings 
demonstrate a strong association between autism and EEG abnormalities in 
seizure disorders. 

Tuchman et al. (1991) reported different frequency of seizures according to 
various comorbid déficits. The major risk factor for epilepsy was severe mental 
deficiency in combination with motor déficits; 41% of children with autism 
with severe language delay exhibit autism. In those without language, motor 
déficits, associated perinatal or medicai disorder, or positive family history of 
epilepsy, seizures occurred in only 6%. This rate was analogous to dysphasic 
non-children with autism (8%). The higher percentage in autistic girls (24%; 
18 of 74) compared to boys (11%; 25 of 228) was in accord with the associated 
comorbidity mentioned above. Similar associations were seen in a study by Elia 
et al. (1995), leading to the conclusion that seizures are not related to autism 
(or the severity of autism) itself. Aman et al. (1995) reported that 19% of autistic 
subjects (all ages) had had epilepsy, but only 13% were taking anticonvulsant 
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drugs. Nearly 19% had more than one seizure per month, nearly 40% had a 
3-year seizure-free interval that could be an indication for anticonvulsant drug 
withdrawal. 

The kind of EEG abnormalities and the types of seizures are various and 
heterogeneous. EEG abnormalities are described as diífuse or focal spikes, slow 
waves, and paroxysmal spike-and-wave activity with mixed discharge and mostly 
bilateral location (Minshew, 1991), and, respectively mostly focal and multifocal 
and typical of benign childhood partial epilepsy with centrotemporal spikes 
(Rossi et al, 1995). In a study undertaken by Dawson et al. (1995), children with 
autism exhibited reduced EEG power in the frontal and temporal regions, but 
not in the parietal region. Diíferences were more prominent in the left than in 
the right hemisphere, and subgroups of children with autism displayed distinct 
patterns of brain activity ("passive” children with autism displayed reduced alpha 
EEG power in the frontal region, compared to children classified as “active but 
odd”). 

Autistic probands exhibit different types of epilepsy, and no particular epilep- 
tic syndrome was found to be more ffequently correlated to autism (Elia et al, 
1995). Autistic individuais had generalized major motor seizures, hypsarrhyth- 
mia, absence episodes, and complex partial and myoclonic seizures (Elia et al., 
1995; Rossi et al, 1995; Volkmar & Nelson, 1990). 

Forty-five per cent of the subjects with autism observed by Rossi et al. (1995) 
had their first seizure after the age of 10 years. There appear to be two peaks 
of onset: early adulthood and during adolescence (Volkmar & Nelson, 1990). 
Volkmar and Nelson discuss the possibility that early onset of seizures could 
reflect a closer relation to pre- and perinatal relationships, and later onset a 
closer relation to other processes. 

Females with autism have seizures more frequently than males (Elia et al, 
1995; Tuchman et al., 1991). There is also a higher proportion of probands 
exhibiting seizures in combination with a lower levei of intellectual function- 
ing (Elia et al, 1995), severe mental deficiency, motor déficit, and a positive 
family history of epilepsy (Tuchman & Rapin, 1991). Tuchman & Rapin (2002) 
give more evidence that the prevalence of epilepsy in autism is highest in ado- 
lescents and young adults with moderate-to-severe mental retardation, motor 
déficits, and severe receptive language déficits. The association of autism with 
clinicai or subclinical epilepsy might denote common genetic factors in some 
cases. 

Results of these studies suggest that the higher incidence of epilepsy was 
not related to organic pre-, peri-, and postnatal antecedents or cerebral lesions. 
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Similarly, severity of autism was not correlated with an increased risk to develop 
seizures. These findings lead to the conclusion that genetic factors may be respon- 
sible for both autism and epilepsy (Rossi et al, 1995). 


Neuroanatomy and brain imaging studies 

Neuroanatomical findings 

Few autopsy studies on autistic brains have been carried out and no neurochemi- 
cal investigation is available to date. Ritvo etal. (1986) reported a decreased num- 
ber of Purkinje cells in the cerebellum (vermis and hemispheres) in four autistic 
subjects. Williams et al (1980) found no consistent abnormalities in four autis¬ 
tic brains, but reported a heavier brain weight in one of two idiopathic autistic 
cases. 

Bailey et al. (1993b) reported a heavier brain weight in three of four brains of 
handicapped autistic individuais compared to the normal range in the popula- 
tion. An obvious decrease in neuronal density was not evident. Thus an excess of 
the number of neurons was suggested due to the epidemiological findings that 
autistic twins and singletons under the age of 16 years had significantly larger 
head circumferences in 42% and 37% (respectively) of the cases, suggesting signs 
of megencephaly as a contributory factor to autism. This suggestion was con- 
firmed in a study (Piven et al, 1995) using magnetic resonance imaging (MRI). 
Volumes of total brain, total brain tissue, and total lateral ventricle volumes in 
22 male autistic individuais were significantly greater than in a control group 
and after controlling for height and performance IQ (the latter was significantly 
lower in the autistic individuais). Therefore enlargement of the brain seems 
to result from both more cerebral parenchyma brain tissue and greater lateral 
ventricle volume. Enlarged head circumference could be consistent with enlarge¬ 
ment of the parietotemporal córtex, which governs visuospatial (splinter) skills. 
Deutsch andjoseph (2003) found that in a subgroup of children with autism with 
unevenly developed nonverbal skills, the nonverbal profile was correlated with 
an unusually large head circumference. 

The most comprehensive study of anatomical alterations has been done by 
Bauman and Kemper. The brains of six patients have been studied systematically 
so far (Bauman, 1991; Bauman & Kemper, 1985; Kemper & Bauman, 1992; 
Raymond et al, 1989, 1996). Of these, one was female, three had severe mental 
retardation, one was of normal intelligence (a 12-year-old boy). Three were 
younger subjects, aged 9, 10, and 12 years, the remainder were in their twenties. 
Four had seizures and had been treated with anticonvulsant medication. 
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No brain showed gross morphological abnormalities. Reduced neuronal cell 
size and increased cell-packing density, most significantly in the medial, cortical, 
and central nuclei ofthe amygdale, were observed in these cases compared to Con¬ 
trols. This involved areas of the forebrain (hippocampus, subiculum, entorhinal 
córtex, amygdala, mammillarybody, anterior cingulate córtex, and septum bilat- 
erally). Pyramidal neurons (CAI, CA4) ofthe hippocampus displayed decreased 
complexity and extent of the dentric arbors. In the medial septal nucleus cell- 
packing density was increased and the neuronal size reduced. In the nucleus of 
the diagonal band of Broca (NDB) the neurons were found to be unusually large 
in the brains of younger individuais with autism and numbers were adequate; this 
was not so in the brains of older individuais with autism. The number of neurons 
of the NDB was reduced and the nucleus small in size. Moreover, all six brains 
had abnormalities in the cerebellum, and related inferior olive with a significant 
decrease of Purkinje cells and various decreases in granule cells throughout the 
cerebellar hemisphere. Further failure of retrograde cell loss and atrophy was 
seen in the olivary nucleus of the brainstem. Again, the three brains of older 
persons displayed adequate numbers but small and pale olivary neurons. The 
three younger brains were significantly enlarged but normal in number and 
appearance. In summary, these neuroanatomical abnormalities were related to 
the limbic system, the cerebellum, and the related inferior olive. 

Bauman and Kemper (1994) came to several conclusions from these findings. 
Four patients who had had seizures and had received anticonvulsants showed 
no different abnormalities in their brains compared with the other two without 
seizures or medication. No differences were found between the brain of the only 
case with normal intelligence and the brains of the others. Abnormalities in the 
cerebellum and the related olivary nucleus suggest an onset prior to birth. The 
limbic system could present a developmental maturational shortening involving 
its circuitry. Dysfunction in these circuits may disrupt acquisition and under- 
standing ofinformation. In particular, the substrate of representational memory 
(involving sensory modalities and mediating of facts, experience, and events, 
and the integration and generalization of information) and not habit memory 
is impaired by the significant abnormalities in the hippocampal complex, amyg¬ 
dala, entorhinal córtex, septum, and medial mammillary body The occurrence 
of retrograde loss of olivary neurons after cerebellar lesions could be associated 
with a cerebellar cortical lesion before the thirtieth week of gestation. Differences 
between brains of different ages may be due to an establishment of postnatal 
persistence of the prenatal projection to the cerebellar nuclei because of the 
early lack of availability of an adequate number of Purkinje cells as target cells 
for the mature inferior olivary projection. The fetal Circuit is then unable to be 


189 The neurobiology of autism 


sustained over time. Nevertheless, the etiology of these abnormalities remains 
unclear. Subsets of phenotypic expression may stem from a similar abnormal 
anatomical pattern. 

The relationship to cerebellar abnormalities and therefore to the dysfunctions 
in autism is less clear. There is some evidence that cerebellar functions may 
contribute to autism. For example, the lateral cerebellum is strongly engaged 
during the acquisition and discrimination of sensory information and is not 
activated by the control of movement per se. This was confirmed by MRI of 
the lateral cerebellar output during passive and active sensory tasks in healthy 
volunteers (Goa et al, 1996). The strongest sensory discrimination occurred 
when sensory discrimination was paired with finger movements. Bauman and 
Kemper (1994) discuss the involvement of the cerebellum for higher functions 
(Schmamann, 1991) and the possibilities of disturbances of emotions, behavior, 
and learning due to cerebellar lesions. However, Peterson (1995) in his review 
concludes that findings on the cerebellum in autism (in neuroimaging studies) 
could be an epiphenomenon of early pathophysiological impairment during 
the development of the central nervous system, i.e. a correlate rather than an 
immediate cause (see below). 

Findings of brain imaging studies 

Cerebellum and MRI studies 

Besides the discussion about cerebellar abnormalities in anatomical autopsy stud¬ 
ies, the findings of MRI studies on alterations of cerebellar regions seemed to 
heighten the evidence that there could be some gross markers for autism. After 
investigations by the research group of Courchesne etal. (1988) showed hypopla- 
sia of cerebellar vermian lobules VI and VII in children with autism, adolescents, 
and adults, Hashimoto et al. (1995) reported similar results. Courchesne et al. 
(1994a) provided a meta-analysis on vermal area measures of 78 patients with 
autism from four separate studies. Results showed the majority (85-92%) to have 
cerebellar hypoplasia and 8-16% to have hyperplasia. A similar distribution was 
reported by Courchesne et al. (1994b). They compared 50 patients with autism 
(aged 2-40 years) with a control group of 43 and found that 16% had cerebellar 
lobules VI and VII with a smaller area than in the control group. Six had 34% 
larger (hyperplastic) areas than the Controls. Courchesne (1991) and Courchesne 
et al. (1994c) postulated that these findings are related to an impairment in the 
ability of autistic individuais to shift their attention rapidly between auditory 
and visual stimuli. 

However, these findings could not be replicated by others and remain some- 
what inconclusive for various reasons (Peterson, 1995). In their MRI study of 
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the cerebellar vermis in 102 patients with a variety of neurogenetic abnormal- 
ities against 125 normal Controls, Schaefer et al (1996) concluded hypoplasia 
of cerebellar vermal lobules VI and VII to be a nonspecific anatomical marker 
in autism. This nonspecificity is underlined in the studies of Reiss et al (1988, 
1991), who found a significantly decreased area ofthe cerebellar vermis inffagile 
X syndrome. 

In various samples of different sizes heterogeneous or no results on cerebel¬ 
lar volume measures were reported (Ciesielski & Knight, 1994; Ekman et al., 
1991; Hashimoto et al., 1992a; Holttum etal, 1992; KleimanetaL, 1992; Nowell 
et al, 1990; Piven et al, 1990, 1992). In the study of Piven et al. (1992), cerebellar 
lobules VI-VII were found not to be smaller in autistic subjects compared to a 
control group of age- and IQ-comparable male volunteers. No differences were 
found after multivariate analysis adjusting for midsagittal brain area (MSBA), 
age, and IQ (MSBA was significantly larger than that for subjects in various 
control groups). This exemplifies the difficulties in interpreting the studies avail- 
able so far. The source of the frequently conflicting results could be attributable 
to the selection criteria for control groups and autistic individuais (Holttum 
et al, 1992) which should take into consideration developmental variation, IQ, 
age, socioeconomic status, maternal age, and other possibly underlying medicai 
conditions. In a review of structural MRI studies Brambilla etal (2003) concluded 
that there should be rigorous matching between patients with autism and nor¬ 
mal Controls based on a checklist developed by Strakowski et al. (2002). Courch- 
esne et al (1994b) retrospectively reanalyzed four MRI studies and reported that 
the majority of patients had hypoplasia of vermal lobules VI-VII. Abell et al. 
(1999) found increased vermis pyramis gray matter density in young adults with 
HFA compared to matched normal Controls. Studies on cerebellar hemispheres 
remain contradictory in well-designed studies (Brambilla et al, 2003). 

Other brain abnormalities in MRI studies 

The significance of earlier findings of an enlarged ventricular system, mainly 
based on computed tomography studies have been complicated to understand 
and results are conflicting. The relation to developmental delay and regression, 
use of medication, seizures, and the often poorly controlled relation to a general 
enlargement of the ventricular system all increase the difficulties in interpreting 
associations (Minshew & Dombrowski, 1994). Piven etal. (1995) also observed 
larger lateral ventricles in autistic probands but also greater brain volume (see 
above). Increased brain volume in younger children in contrast to older children 
and age-matched Controls were found in studies by Sparks et al (2002) and 
Courchesne et al (2001). Aylward et al (2002) discovered an increase of brain 
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volume in children under 12 years, with slight decrease in children over 12 
years, compared to a carefully matched control group, suggesting an accelerated 
growth in early life as both age groups had abnormal head sizes. 

A significantly smaller size of the brainstem (midbrain and medulla oblongata) 
in high-functioning children with autism was observed by Hashimoto et al. ( 1993) 
regardless of their developmental quotient or IQ (Hashimoto et al, 1992). The 
size of the pons did not differ ffom Controls, in contrast to an earlier report 
by Hashimoto et al. (1991) where it had been found to be significantly smaller. 
Hsu et al. (1991) could not find differences in the sizes of the midbrain and pons 
between normal children and those with autism. These results show no unique 
problems in the pathway to and ffom the cerebellum. Midbrain abnormalities 
would also suggest some associations to the neurotransmitter system. 

In a study by Courchesne etal. (1993) parietal lobes were abnormal in appear- 
ance in 9 of 21 patients with autism due to cortical volume loss with some 
extension to superior frontal and occipital loss. As the size of the corpus callo- 
sum in the posterior subregions was observed to be reduced in 51 patients with 
autism of various leveis of mental retardation and ages (against a control group 
matched for age and sex), Egaas et al. (1995) postulated an involvement of the 
parietal lobe over projection fibers in autism. Saitoh et al. (1995) found no mal- 
formation in the hippocampal region in autistic cases with cerebellar vermian 
lobules VI and VII or in the posterior portion of the corpus callosum. Cody et al. 
(2002) postulated that findings of a reduction in the size of the corpus callosum 
(discrepant due to enlargement of brain volume) may serve as an indication of 
an overall disconnectivity in autism or that only selected layers contribute axons 
that cross at the corpus callosum. 

Observations of cortical malformations are seldom reported. Piven et al. 
(1990) found cerebral cortical malformations in a controlled study of 13 high- 
functioning male autistic cases consisting of polymicrogyria, macrogyria, and 
schizencephaly. They postulated neuronal defects of migration during the first 
6 months of gestation. Berthier et al. (1990) described leff frontal macrogyria 
and bilateral opercular polymicrogyria in two cases with Aspergers syndrome. 
Focal pachygyria was seen in 3 of 13 children with autism, which also sug- 
gests neuronal migration abnormalities in a study by Schiffer et al. (1994). Kates 
et al. (2004) described differences between twins concordant versus discordant 
for autism. Discordant twin pairs showed lower frontal, temporal, and occipital 
volumes than in the compared subjects. A computerized analysis by Casanova 
et al. (2002) showed greater neuronal dispersion and normal cell density in the 
brains of patients with autism, and more and less compact minicolumns in the 
frontal and temporal cerebral lobes, possibly influencinginformation processing. 
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Functional abnormalities in the brain (fMRI, PET, and SPECT studies) 

Siegel et al. (1995) compared 14 autistic adults with 25 with schizophrenia and 
20 normal Controls in the continuous performance test, and correlated glucose 
metabolic rate (GMR) using positron emission tomography (PET) in selected 
regions. In patients with autism, negative correlation of the medial frontal corti- 
cal GMR with attentional performance was observed, in contrast to the control 
groups. Glucose metabolic rate asymmetry was observed in an earlier study by 
Siegel et al. (1992). Autistic adult patients had a greater left than right anterior rec- 
tal gyrus GMR, in contrast to the control group's right-less-than-left asymmetry 
in the same region. Low GMR in the left posterior putamen and high GMR in 
the right posterior calcaric córtex in the autistic cases was also reported. Schifter 
et al. (1994) (see above) also found hypometabolic abnormalities in 4 of 13 chil- 
dren with autism who also had abnormalities in magnetic resonance imaging 
(MRI). This suggests that it would be ffuitful to search for subtle abnormalities 
using MRI techniques after findings of regional metabolic aberration are revealed 
by PET. 

Gillberg et al. (1993) studied the regional cerebral blood flow (rCBF) using 
99m Tc SPECT 26 (single photon emission computed tomography) in patients 
with autism plus an additional six patients with autistic-like conditions; there 
was no control group. The main finding in the patients without epilepsy was 
temporal hypofusion, mostly bilateral, but most pronounced on the left side. 
Nine of 16 patients had also displayed hypoperfused prefrontal and frontal areas. 
This was most pronounced in patients without mental retardation and often 
unilateral, but with no special side preference. This study is partly in agreement 
with George et al. (1992) who studied a small group of four young autistic adults 
and Controls using high-resolution brain SPECT. The total brain perfusion and 
the regional flow were significantly reduced in the right lateral temporal and in 
the right, left, and midfrontal lobes as compared with the Controls. 

Minshew et al. (1993) reported clinicai déficits and correlating alterations in 
high-energy phosphate and membrane phospholipid metabolism in the dorsal 
prefrontal brain of 11 high-functioning autistic subjects (aged 12-36 years). The 
control group was carefully matched for age, sex, IQ, race, and socioeconomic 
status. When the energy status of the brain (in vivo 31 P nuclear magnetic reso¬ 
nance spectroscopy) was compared within groups using neuropsychological and 
language test scores, a number of significant correlations were observed in the 
autistic group but not in the control group. Selected scores that correlated with 
alterations in high-energy phosphate and membrane phospholipid metabolism 
were drawn ff om the Wisconsin Card Sorting Test, from Test of Language Com- 
petence, semantic language comprehension, and secondary memory (delayed 
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recall scores from the Califórnia Verbal Learning Test). Correlations followed a 
consistent pattern in parallel with the severity of autism. These findings were 
reported to be consistent with a hypermetabolic energy State and with under- 
synthesis and enhanced degradation of brain membranes. 

Metabolic maturation delay was seen in the study using SPECT by Zilbovicius 
et al. (1995) after reporting a negative result earlier (Zilbovicius et al., 1992). 
Frontal hypoperfusion was found in five children with autism at age 3-4 years, 
corresponding to a pattern found in much younger normal children. Three 
years later, normalization of perfusion was seen in the same children. Regional 
cerebral blood flow ( 99m Tc SPECT) was observedpredominantly in the temporal 
and parietal lobes with more left abnormalities than right in six children with 
autism. In a small, controlled SPECT study, Wilcox et al. (2002) found signifkant 
hypoperfusion in the prefrontal areas of autistic individuais. Changes in perfusion 
over time correlated with language development. A deficiency in prefrontal areas 
could be associated with word identification and language formation skills. 

The neuronal integrity of the prefrontal lobe, which is related to severity of 
clinicai symptoms, was studied in a proton magnetic resonance spectroscopy 
of 14 probands with Asperger s syndrome and 18 matched Controls. Mur- 
phy et al. (2002) revealed significantly higher prefrontal lobe concentration of 
N-acetylaspartate (which was significantly correlated with obsessional behav- 
ior), phosphocreatine, and choline (which was also significantly correlated with 
obsessional behavior). 

Right temporal hypoperfusion in one, diffusely decreased right hemispheric 
uptake in another, and decreased frontal and occipital uptake in the third patient 
withAspergehs syndrome aged 12-16years wasfoundbyMcKelveyetaí. (1995). 
In a PET study by Boddaert et al. (2002) of 21 autistic and 10 age-matched non- 
children with autism, significant bilateral temporal hypoperfusion was revealed 
in the associative auditory córtex (superior temporal gyrus) and multimodal cór¬ 
tex (superior temporal sulcus) in the autistic group, and temporal hypoperfusion 
was detected individually in 77% of the children with autism. Hypoperfusion 
of the temporal lobe in children with ASD was found in several other studies 
(Boddaert et al, 2002). 

Chiron et al. (1995) also reported lack of normal hemispheric asymmetry. 
Eighteen children with autism, aged 4-17 years, were compared with 10 age- 
matched Controls. They displayed higher left than right rCBF for the total hemi- 
spheres, and sensorimotor and language-related córtex to be independem of 
handiness, sex, and age, which suggests a left-hemispheric dysfunction. Chil¬ 
dren with autism with déficits in the theory of mind performed significantly 
worse than a control group of children on the ability to recognize mental-state 
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terms in a word list (Baron-Cohen et al, 1994). Subsequently, in a second exper- 
iment, increased cerebral blood flow in the right orbitofrontal córtex during 
the mental-state recognition task was observed in normal adult volunteers. This 
suggests that the right orbitofrontal córtex serves as the basis of this ability. 

In a PET study (Castelli et al, 2000), 10 able adults with autism or Aspergers 
syndrome and 10 matched Controls watched interactively moving triangles, 
which were seen as animation (mentalizing) by the Controls but not by the 
autistic group. The normal group showed increased activation in the "mentaliz¬ 
ing network” (medial prefrontal córtex, superior temporal sulcus - STS - at the 
temporoparietal junction and temporal poles). The autism group showed less 
activation than the normal group in all these regions, but both groups showed 
activation of the extrastriate córtex, with, in the autism group, reduced func- 
tional connectivity with the superior temporal sulcus at the temporoparietal 
junction (an area associated with the processing of biological motion as well as 
with mentalizing). 

The authors postulate that the difficulty in understanding mentalizing anima¬ 
tion in the autism group is due to reduced activation in the STS, and normal 
activation in the inferior occipital gyrus (V3) in autism as a failure to transmit 
important information about the motion of the triangle ffom V3 to STS. This 
may reflect a lack of feedback from the temporal pole and/ or medial prefrontal 
córtex to STS, resulting in an inability to perceive the social meaning of move- 
ments. 

More sensitive functional (fMRI) measurements of brain activity during spe- 
cific cognitive task responses have revealed a remarkably stable neurobiological 
marker (Schultz et al, 2003). Abnormal activations are found for amygdale and 
frontotemporal regions for perception of emotions from eye expression, and 
in temporal and fusiform gyri during face discrimination (Baron-Cohen et al, 
1999; Critchley et al, 2000; Hubl et al, 2003; Pierce et al, 2001; Schultz, 2000). 
In contrast to normal control groups, individuais with ASD activate other brain 
regions than the facial fusiform gyrus, revealing a predisposition to local rather 
than global modes of information processing (Hubl et al, 2003). Similar acti¬ 
vations can be shown in schizophrenia, so these abnormalities seem not to be 
specific to autism (Quintana et al, 2003). 

In an fMRI study, five adolescent and adult individuais with HFA were inten- 
sively trained in basic emotion detection over a period of five weeks, while a 
remaining five did not receive any comparable intervention (Boete et al, 2004). 
Compared to the control group, the sample of trained subjects showed marked 
improvements on both behavioral measures, which were accompanied by higher 
signals in the right medial occipital gyrus and superior parietal lobule. No marked 
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activation changes in the fusiform gyrus were found. These fMRI results may 
indicate that the observed improvements in facial emotion recognition on the 
behavioral levei correlate on the neurobiological levei with enhanced com- 
pensatory mechanisms rather than with a reutilization of face-specific cortical 
areas. 


Neurochemistry 

In his review, Cook (1990) emphasized the important body of work on neuro¬ 
chemistry in autism. In particular, hyperserotonemia shows a familial pattern 
and is found consistently in over 25% of children and adolescents with autism. 
The role in autism of the neurotransmitter serotonin (as well as the serotonin 
precursor tryptophan and tryptophan depletion) was studied in urine, serum, 
plasma platelets, cerebrospinal fluid (CSF) concentrations, and brain imaging 
studies. 

Biochemical research in autism has two possible goals. One is to define a basis 
for treatment (as with selective serotonin receptor inhibitors); the other is to find 
markers for genetic "susceptibility” by examining receptor genes or changes of 
certain gene products such as neurotransmitters and their receptors. 

Support for the hypothesis of a maturation defect of monoaminergic Systems 
was seen by Martineau et dl. (1992a) in an age-matched controlled study of 
156 children with autism from 2-12 years of age, along with mentally retarded 
non-children with autism and normal children. Children with autism had high 
serotonin leveis in the urine, but so did the non-children with autism. In all three 
groups the serotonin leveis decreased with age. Similar results were seen for 
dopamine (DA) andits metabolite and for norepinephrine (NE) and epinephrine. 

One possible effect of maturation on altering serotonin blood levei was ruled 
out by Tordjman et dl. (1995). Though leveis of testosterone and whole-blood 
serotonin are significantly negatively correlated, no differences were found in 
the variation of androgen secretion (testosterone and dehydroepiandrosterone 
sulfate) between prepubertal and postpubertal in autistic and normal subjects. 

Serotonin 

Most of the more recent studies since Schain and Freedman's original report 
(1961) have shown elevation of blood serotonin in autistic subjects (Anderson 
et aí., 1987; Minderaaetaí., 1987;Naífah-Mazzacorattietaí., 1993). Rolfetaí. (1993) 
investigated platelet leveis of serotonin and the amino acids aspartic acid, glu- 
tamine, glutamic acid, and y-aminobutyric acid. Serotonin leveis were increased 
and amino acids decreased in autistic subjects compared with a healthy match 
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control group. Piven et al. (1991) suggested an autosomal recessive defect as the 
reason for the hyperserotonemia. This could be a negative influence on fetal 
brain development (Buznikov, 1984). This result raises the importance of famil- 
ial patterns of serotonemia. Furthermore, some investigations are studying the 
correlation of hyperserotonemia with symptom patterns related to autism. The 
whole blood serotonin (5HT), in contrast to plasma NE, was significantly pos- 
itively correlated between children with autism and their parents and sibs in a 
replicated study by Leventhal et al. (1990). Twenty-three of 47 families had at 
least one additional member with hyperserotonemia and, of these, 10 families 
had two or more hyperserotonemic members with 5HT more than 270 ng/ml. 
Family members had a heightened risk for hyperserotonemia if the autistic child 
also had raised leveis of blood 5HT. In the study by Piven et aí. (1991) children with 
autism had the highest hyperserotonemia compared to their sibs. Serotonin leveis 
in platelet-rich plasma were higher in autistic subjects who had affected siblings 
(affected with either autism or PDD) compared with those autistic probands 
without affected sibs. The latter had also significantly higher serotonin leveis 
compared with normal Controls. 

Two groups investigated serotonin involvement in autism compared with 
other neuropsychiatric disorders and healthy control groups. Singh et al. (1990) 
studied lymphocyte binding of [ 3 H]-serotonin and found no difference between 
autistic and healthy children. Yuwiler et al. (1992) found no close relationship 
between elevated blood serotonin and inhibition of serotonin binding to human 
cortical membranes by antibody-rich blood ff actions for autism (in contrast with 
multiple sclerosis). 

The variation of serotonin levei in autism may be explained by different binding 
and uptake mechanisms. Cook et al. (1993a) postulated subgroups for increased 
serotonin (5HT) uptake and decreased 5HT 2 binding respectively. The afhn- 
ity for [ 3 H]-paroxetine binding was higher in the normoserotonemic group, 
whereas the density (B max ) of platelet 5HT 2 receptor-binding sites was signif¬ 
icantly lower in the hyperserotonemic group. The two groups consisted of 
12 hyperserotonemic and 12 normoserotonemic carefully matched relatives 
of autistic probands. Earlier fmdings by Perry et al. (1991) observed a corre¬ 
lation of density of platelet 5HT 2 -binding sites between autistic boys and their 
fathers. Norepinephrine seemed also to be involved in the heterologous regula- 
tion of 5HT 2 receptors in the platelet due to a negative correlation of NE and 
-Umax- 

Elevated leveis of serotonin seem to correlate with psychopathological symp- 
toms in family members of autistic subjects. The same research group as above 
(Cook et al, 1994) compared parents who had autistic offspring with parents 
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of children with Downs syndrome. Hyperserotonemic parents of an autistic 
child scored significantly higher on a depression scale and on an obsessive- 
compulsive inventory than parents of children with Down’s syndrome, and both 
groups of parents had lower depression scores when blood serotonin was not 
raised. 

One investigation by Cuccaro et al. (1993) (limited by a possible bias attri- 
butable to race) of an association between cognitive (especially verbal expres- 
sive abilities) of autistic probands and first-degree relatives showed a substantial 
variance of cognitive performance correlated to whole-blood serotonin levei 
adjusted for race and familial classification. Cook et al. (1990) also found a neg- 
ative correlation between vocabulary performance and whole-blood serotonin 
in their study on children with autism, their sibs, and parents. This was also true 
for plasma NE. Moreover self-injurious behavior and decreased pain sensitivity - 
often reported in autistic probands (Lisch et al, 1993) - was not correlated with 
whole-blood serotonin or plasma NE levei. 

A significantly lower serum tryptophan to large neutral amino-acids ratio was 
observed by D'Eufemia et al. (1995) compared to normal Controls. In approxi- 
mately a third of the 40 children with autism in this study, this ratio was two 
standard deviations below the mean value of the control group. This would sug- 
gest a low brain tryptophan availability. This observation is strongly supported 
by the effects of tryptophan depletion in adults with autistic disorders (McDougle 
et al., 1996). Short-term tryptophan depletion exacerbated a number of behav¬ 
ior variables, such as stereotyped movements. Moreover, autistic subjects were 
more anxious and significantly less calm and happy after short-term tryptophan 
depletion compared with sham testing. These behavior changes occurred in par- 
allel to a significantly reduced plasma-free and total tryptophan. No significant 
changes could be detected in social relationships, effectual reactions, sensory 
responses, language, or repetitive thinking and behavior. The lack of effects on 
repetitive thinking may be due to the short duration of the depletion. 

However, it is not clear whether serotonin only has an effect on the many 
symptoms often associated with autism (aggression, motoric stereotype symp- 
toms, aggression, impulsivity) rather than the core features of autism as such 
(communication and reciprocai social interaction). Disturbances of serotonergic 
pathways have been implicated in many neuropsychiatric disorders that include 
anxiety, depression, schizophrenia, alcoholism, migraine, aggression, and sui¬ 
cidai behavior (Erdmann et al. 1995; Heath & Hen, 1995; Lappalainen et al, 
1995). Moreover, it is unclear whether tryptophan depletion affects neuropep- 
tides, second messenger systems, receptor synthesis, or the balance with other 
neurotransmitter systems such as DA and NE (McDougle et al, 1996). Haarmann 
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etal. (1998) found decreasedvalues ofthe amino acids, such as glutamic acid, glu- 
tamine, aspartic acid, and y-aminobutyric acid, as well as hyperserotonemia, and 
therefore presumed there was an imbalance between these neurotransmitters. 

The difficulties in understanding the extent and kind of involvement of the 
serotonin neurotransmitter system, especially in autism, can be underlined by 
studies of the CSF. The central metabolite of serotonin (5-hydroxyindolacetic 
acid, 5-HIAA) was examined in the CSF of eight autistic subjects. Anderson 
et al. (1988) did not find any increase when compared to the normal population. 
Narayan et al. (1993) also did not find marked alterations of serotonin metabolite 
(5HIAA) CFS concentration (or of the dopamine metabolite homovanillic acid, 
HVA). 

McBride et al. (1989) found a reduced amount of receptor-binding sites in the 
brain of autistic individuais and suggested this could be due to an autoimmune 
reaction, until now a mere hypothesis (Root-Bernstein & Westall, 1990; Todd 
etal. 1988). In a sample of 62 autistic subjects and 122 oftheir first-degree relatives 
(compared to age- and sex-matched Controls) Leboyer etal. (1999) found familial 
hyperserotoninemia in autism, as mothers (51%), fathers (45%), and siblings 
(87%) had elevated leveis of 5HT measured by radioenzymology. 

Serotonin synthesis changes during developmental stages - it declines after 
the age of 5 years. In children with autism, serotonin synthesis capacity increases 
gradually between the ages of 2-15 years to values 1.5 times the adult normal 
values and shows no sex difference (in normal girls these values decline earlier 
than in normal boys). Data suggest that humans undergo a period of high brain 
serotonin synthesis capacity during childhood, and that this developmental pro- 
cess is disrupted in children with autism (Chugani et al., 1999). In a small study 
of 13 male, post-pubertal, Caucasian patients with autism (age 12-18 years with 
IQs greater than 55) and 13 matched volunteers, Croonenberghs et al. (2000) 
found the serotonergic and noradrenergic markers showed significantly lower 
plasma concentrations of tryptophan in patients with autism than in the Con¬ 
trols, and no signiíicant differences in the serum concentrations of 5HT, or the 
24-hour urinary excretion of 5HIAA, adrenaline, noradrenaline, and DA. They 
also found highly signiíicant positive correlations between age and 24-hour uri¬ 
nary excretion of 5HIAA and serum tryptophan. The authors suggested that 
while serotonergic disturbances, such as defects in the 5HT transporter Sys¬ 
tem and lowered plasma tryptophan, may play a role in the pathophysiology 
of autism, autism is not associated with alterations in the noradrenergic Sys¬ 
tem, and the metabolism of serotonin in humans undergoes signiíicant changes 
between the ages of 12-18 years. Thus the reported findings so far reveal still 
somewhat unclear results. 
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Dopamine 

Another line of work has focused on the involvement of brain catecholamine 
dysfunction in the development and / or expression of autism. As with dopamine 
metabolism, high urinary leveis of the metabolite HVA of children with autism 
were reported by different authors (Barthelemy et al, 1988; Garnier et al, 1986; 
Garreau et al, 1988). Narayan et al. (1993) (see above) and others have not 
found abnormal leveis of CSF HVA in autism. In a study to measure melatonin 
concentration (because of the association with inhibition of calcium-dependent 
DA release from amacrine cells), Ritvo et al. (1993) reported preliminary results 
of daytime melatonin in the urine of 10 autistic subjects and family members and 
a (poorly matched) control group of normais. The autistic subjects, and some 
of their parents and unaffected sibs, showed a persistence of melatonin into the 
daylight hours in contrast to the control group. Nocturnal melatonin production 
did not differ. 

In the meantime most of the receptor genes of DA could be localized (among 
them the D 2 -receptor locus by Comings et al. (1991)) but none proved to be 
a primary etiologic agent for the autistic disorder. In 1989, Buckle et al. found 
a subunit of the GABA(3) receptor on Xq28, which Cohen related to autism 
(Cohen et al, 1991). Derry and Bernard (1991) found a further receptor gene on 
the short arm of the X chromosome, namely Xp21.3, the GABA A oD-subunit 
gene. However, definite links to autistic phenotypes have not been established 
yet. 

Opioid peptides 

Several studies have linked neuropeptides such as the endogenous opioids 
to autism (Gillberg, 1995; Lensing et al, 1992; Nagamitsu, 1993). In the 
Nagamitsu study patients with autism showed no significam difference ofthe CSF 
/3 -endorphin concentration compared with the Controls. A higher levei was found 
in Rett’s syndrome and infections involving the central nervous system. Thera- 
peutic studies in autism using the opioid antagonist naltrexone are inconclusive. 
Willemsen-Swinkels et al. (1995) found no, or a worsening, effect of symptoms 
in autistic adults and no effect on self-injury behavior. 

Adrenergic function and stress 

Other studies tried to exclude or include the role of further biochemical agents 
in autism. An elevation of epinephrine and NE in blood was found by Launay 
etal. (1987) and Barthelemy et aí. (1988). Possible abnormalities of dopaminergic 
and noradrenergic neurotransmission were reported by Realmuto et al. (1990). 
In contrast, Minderaa et al. (1994) found no marked abnormalities when they 
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investigated plasma leveis and urinary excretion of NE, epinephrine and their 
central and peripheral metabolites respectively (MHPG, vanillylmandelic acid, 
VMA). Thus, basal noradrenergic functioning seems not to play an important 
role in autism. 

Richdale and Prior (1992) studied cortisol circadian rhythm and dexametha- 
sone suppression test effects in children with autism. No clear effects were found 
other than a tendency towards a cortisol hypersecretion during the day in chil¬ 
dren with autism who were integrated into the normal school system, indicating 
an environmental stress response. 


Neurophysiology 

Brainstem auditory-evoked responses 

Prolonged transmission of information may be linked to dysfunctions of 
information-processing, and perceptual, particularly auditory, abnormalities in 
autism. Yet the evidence frorn these neurophysiological studies in autism is not 
conclusive. 

In his review of 10 studies published in the previous 25 years reporting 
interpeaklatencies of auditory brainstem responses (ABRs) in autism, Klin (1993) 
criticized the results as being only suggestive of brainstem involvement in autism. 
The reports displayed prolonged brainstem transmission times in five studies, as 
well as shortening (one study) or no abnormalities (five studies) in central trans¬ 
mission latencies. Moreover, the studies revealed peripheral hearing impairment 
in some of the autistic individuais. Some investigations show congruent findings 
of prolonged transmission times. Thivierge et al. (1990) studied 20 autistic and 
13 mentally retarded subjects and found prolonged interpeak latencies in 80% of 
the autistic subjects. In a controlled study, Wong and Wong (1991) found a longer 
brainstem transmission time that correlated with autistic features rather than 
with mental retardation, age, or sex. Sersenetaí. (1990) observed longer latencies 
for middle and late components, contrary to probands with Down’s syndrome 
(who displayed shorter absolute and interpeak latencies for early components). 
Unfortunately, an effect of sedation could not be ruled out. 

Event-related potentials 

Event-related potentials (ERP) studies deal with orienting responses to novel 
information, modulation of attention, maintaining selective attention, and the 
topographic distribution of ERP components. Studies of ERP in autism are 
relatively rare and do not support a strong and unique discriminant effect 
related to autism. Positive (P) and negative (N) ERP amplitudes are measured 
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in milliseconds after stimulus onset (e.g. P300 or P3) and such amplitudes are 
derived through substraction methods (e.g. PN as ERP differences between tar- 
get and a different nontarget stimulus; Nd as ERP difference between target 
stimulus and the same stimulus previously presented as a nontarget). 

Oades et al. (1990) published ERP amplitudes (e.g. Nl, P3, PN, Nd) that were 
reduced in autistic subjects compared to normais, but the components affected 
varied. Kemner et al. (1995) (see below) overlooked auditory "oddball” studies 
in autism and concluded that the findings were inconsistent with respect to P3 
and N1. 

In a carefully designed study, Kemner et al. (1995) could not replicate earlier 
studies of abnormal mismatch negativity (MMN, resulting from the subtraction 
of potentials to different nontargets) in children with autism. Abnormal later- 
alization of abnormal MMN could not be found. Unexpected occipital P3 to 
deviant stimuli was significantly larger in the active than passive condition. This 
and the one replication that could be observed, namely the smaller A/Pcz/300, 
led to the suggestion that auditory occipital task effect is related to understim- 
ulation of the occipital lobe by visual stimuli in children with autism. As the 
autistic subjects differed not only from the normal control group but also from 
those with ADHD and dyslexia, the effects were suggested as highly specific 
for autism. Kemner et al. (1994) also reported differences specific to children 
with autism on ERPs for visual and somatosensory stimuli. Only the autis¬ 
tic group displayed a task effect on the visual P2N2 (mismatch activity) and 
larger P3s to novel than to deviant stimuli, again compared with hyperactive and 
dyslexic children. Therefore abnormalities in the processing ofproximal and dis¬ 
tai stimuli were regarded as specific for autism. No abnormal lateralization was 
observed. 

Some more recent studies revealed abnormalities associated with the primary 
and secondary auditory córtex when the N1 (which is generated in the primary 
and secondary auditory córtex) in both children with autism and with recep- 
tive developmental language disorder (but not in Controls) did not increase with 
increasing stimuli (Lincoln et al, 1995). Lincoln et al. (1993) found an abnor- 
mally small amplitude of the P3b that was seen as evidence for difficulties of 
children with autism in auditory information. P3b was significantly diminished 
in size under focused selective attention conditions in autistic subjects compared 
with normais, which suggests abnormalities in selective attention in autism 
(Ciesielski etal, 1990). “Emotional sounds” appeared to be particularly effective 
in activating the neural substrate of the P3 generator system. Autistic subjects 
with normal IQ did not differ in this respect from normais (Erwin et al., 1991). 
PI auditory ERP abnormalities in high-functioning adult autistic individuais 
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were studied by Buchwald et al. (1992), who suggested that the ascending retic¬ 
ular activating system and their thalamic target cells may be dysfunctional in 
autism. 

A correlation of ERP with attempts to identiíy idiomatic phrases in high- 
functioning adult autisticprobands was foundby Strandburg etal. (1993) (greatly 
reduced N400 to idioms). Additionally, autistic subjects produced larger NI 
amplitudes in all tasks, and larger P3s in the Idiom Recognition Task and Con- 
tinuous Performance Task. 

Martineau et al (1992a, 1992b) observed a cognitive déficit in the ability to 
maintain cross-modal associations in autism, preceded by a more elementary per- 
ceptive abnormality in studying auditory evoked responses to simple and cross- 
modal (audiovisual) stimuli in a controlled study of autistic, mentally retarded, 
and normal children. This could be related to dysfunctions of attention, inten- 
tion, association, and communication. 

Overall, many of these psychophysiological studies describe different aspects 
ofpossible links to some key or associated features of autism. At present an inte- 
grative approach to understand the impairment in perceptual and information 
Processing (Oades & Eggers, 1994) on a neurophysiological levei is needed in 
further studies. 


Other medicai conditions 

Gillberg (1992) listed a number of syndromes and diseases associated with autism 
in at least two studies (fragile X syndrome, other X-chromosomal anomalies, 
partial trisomy 15, other chromosome anomalies, tuberous sclerosis, neurofi- 
bromatosis, hypomelanosis, GoldenhaTs syndrome, Rett’s syndrome, Mõbius' 
syndrome, PKU, lactic acidosis, hypothyroidism, rubella embryopathy, herpes 
encephalitis, cytomegalovirus infection, Williams' syndrome, and Duchenne 
muscular dystrophy). The list could be continued. Fernell et al. (1991) found 
that 23% of a population of children with infantile hydrocephalus scored high 
on the Aberrant Behavior Checklist. These children comprised the most brain 
damaged and mentally retarded group. 

More anecdotal reports deal with autism and exposure in utero to valproic 
acid (Christianson et al, 1994), in fetal alcohol syndrome (Harris et al, 1995), 
with lead exposure beyond the third year of life (and re-exposure) (Shannon & 
Graef, 1996), and thalidomide embryopathy (Stromland et al, 1994). Also 
reported are syndromes such as Marfan-like disorder (and Aspergehs syndrome; 
Tantam et al, 1990), Sotos' syndrome (Morrow et al, 1990), Brachmann-de 
Lange syndrome (Bay et al, 1993), Joubert's syndrome (Holroyd et al, 1991), 
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and Noonans syndrome (Ghaziuddin et al, 1994). Other mixed causes have 
been studied, such as left temporal oligodenroglioma (Hoon & Reiss, 1992), 
herpes encephalitis at age 31 years (Gillberg, 1991), congenital hypothyreoidism 
(Gillberg et al. , 1992), Tourette’s syndrome (Comings & Comings, 1991; Sverd, 

1991) , mutation in adenylsuccinate lyase (Stone et al, 1992), PKU (Miladi et al, 

1992) , gangliosides (Lekman et al, 1995), high leveis of glial fibril acidic pro- 
tein (Ahlsen et al, 1993; Rosengren et al, 1992), and congenitally blind children 
(Goodman & Minne, 1995). Congenital rubella has been ruled out since the 
early reports by Chess (1977). Chess argued, that neither visual nor hearing 
impairments nor severity of mental retardation was of importance for autism; it 
does appear that "autistic features” become less striking in these individuais over 
time. 

Chromosomal aberrations have also been associated with autistic symptoms. 
These include a de-novo translocation t(3;12) (p26.3;q23.3) oftuberous sclerosis 
and autistic behavior in a child (Fahsold et al, 1991), deletion of chromosome 
5 (Barber et al, 1994), inv dup(15) (pter-ql3) (Schinzel, 1990), 15ql2 deletion 
(Kerbeshianetflí., 1990),tetrasomy 15 (Hotopf&Bolton, 1995), duplicationofthe 
15ql 1—13 region(Bundeyetaí., 1994), apartial 16p trisomy with autistic disorder 
and Tourette's syndrome (Hebebrand et al, 1994), deletion of 17 (pll.2 pll.2), 
Aspergebs syndrome in a balanced t(l7; 19)(pl3.3;p 11) translocation (Anneren 
et al., 1995), trisomy 17 (Shaífer et al, 1996), 18q-chromosomal abnormality 
(Ghaziuddin et al., 1993; Seshadri et al., 1992), Y chromosome (Blackman et al, 
1991),Xpduplication(Raoetflí., 1994), and46,X,t(X;8) (p22.13;q22.1) duplication 
(Bolton et al, 1995), revealing a mixed picture of locations. 

Autism is relatively rarely to be seen in children with Downs syndrome. 
In anecdotal case reports an overlap between these two conditions has been 
observed (Ghaziuddin et al, 1992; Howlin et al, 1995). Bolton et al. (1994) 
reported a lesser variant of autism in 1.6% to 3.2% of the siblings of Downs 
syndrome cases. 

Links to autoimmune disorders, C4 deficiency and autism, were proposed 
by Warren et al. (1991, 1994, 1995); antibodies to myelin basic protein have also 
been reported (Singh et al, 1993). Daniels et al. ( 1995) suggested that one or more 
genes of the major histocompatibility complex are involved in the development 
of same cases of autism. ct-Interferonemia, which contributes to allergies and 
autoimmune phenomena, was found to be increased in children with autism 
in a very preliminary study (Stubbs, 1995). Cook et al. (1993b) did not find that 
autoantibodies to serotonin receptors (5HT1A and 5HT2), ü' 2 -adrenergic, Dl 
and D2 receptors and/or associated membrane proteins are of importance in 
children with autism. 
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Exposure to influenza epidemics during gestation was not found to be asso- 
ciated with autism in the study by Dassa et al (1995). In addition, several studies 
were performed to investigate the existence of excesses of births of children 
with autism in certain seasons (speculations range from exposure to infections 
to nutrition or other effects). Gillberg found an excess for March births, as did 
Mouridsen et dl. (1994) and Barak et al. ( 1995) for March and August births. Bolton 
et al. (1992) could not replicate earlier findings of any seasonal birth effects. 

There are a few known medicai conditions with some importance to autism, 
namely Rett’s syndrome, fragile X syndrome, and tuberous scleroses. 

Girls with Retfs syndrome exhibit autistic-like symptomatology, but they also 
show differences after the preschool years (Olsson & Rett, 1990). 

Several reports initially indicated an association of the fragile X chromosomal 
anomaly with autism (Watson et al., 1984; Blomquist et al, 1985; Cohen et al., 
1991; Bailey et al, 1993a), whereas others did not support this finding (Venter 
etal, 1984; Einfeld etal, 1989). With knowledge ofthe FMR-1 gene responsible 
for fragile X syndrome (Oberlé etal, 1991;Verkerk etal, 1991; Yu etal, 1991)and 
the possibility of a more exact molecular genetic analysis, the lack of association 
of fragile X and autism was confirmed (Hallmayer et al, 1994). Discrepancies 
between the various studies appear to be due to differences in ascertainment 
strategy, diagnostic criteria for autism, and varying thresholds for the cytoge- 
netic diagnosis of fragile X at Xq27.3. Klauck et al (1996) performed Southern 
blot analysis with a FMR-1 specific probe. No significant changes were found 
in 139 patients (99%) from 122 families other than the normal variations in the 
population. In the case of one multiplex family with three children showing no 
dysmorphic features of fragile X syndrome (one male meeting three out of four 
ADI-algorithm criteria, one normal male with slight learning disability but neg- 
ative ADI-R testing, and one fully autistic female) FRAXA full mutation-specific 
CCG repeat expansion in the genotype was not consequently correlated with 
the autism phenotype. Further analysis revealed a mosaic pattern ofmethylation 
at the FMR-1 gene locus in the two sons of the family, indicating at least a partly 
functional gene. Therefore an association of autism with fragile X at Xq27.3 does 
not exist and excludes this location as a candidate gene region for autism. 

According to prevalence studies of Hunt and Shepherd (1993) and Gillberg 
et al (1994) tuberous sclerosis and autism are suggested to be strongly associ- 
ated. Smalley etal. (1992) reported significantly more frequent seizures and more 
severe mental retardation in children with tuberous sclerosis and autism, com- 
pared with tuberous sclerosis without autism. Despite an equal ratio of males to 
females with tuberous sclerosis, those with both conditions were predominantly 
males. 
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There are two contrasting views about the etiology of autism (Bailey, 1993), 
which have wide implications for neurobiological research and interpretation. 

Gillberg and Coleman (1992) on the one hand are convinced that autism is 
not a homogeneous disease but one with several different pathogenic pathways 
analogous to some other disorders with a stable course, such as cerebral palsy 
Different syndromes are associated with autism (37% of cases with autism after 
intensive neurobiological investigation; Gillberg, 1992), and the significant psy- 
chopathology of autism or severity of mental retardation are not different from 
idiopathic cases. The search for autism-specific causes is therefore misleading in 
their view, but assessment requires neuropsychiatric assessment, including lab- 
oratory examination with lumbar punctures and CFS protein electrophoresis to 
rule out progressive encephalopathy and other more common clinicai problems. 

On the other hand, Rutter et al. (1994) reviewed the literature on the relation- 
ship between autism and different medicai conditions and concluded that the 
rate of such underlying known conditions in autism is around 10% depending 
on the severity of the mental retardation; they are much more common in cases 
with profound mental retardation. 

Furthermore the strength of association between autism and known medicai 
conditions is seldom tested to compare the frequency ofthe association of autism 
with a certain condition versus the condition in relation to autism. 
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Introduction 

Research into the pharmacotherapy of individuais with pervasive developmental 
disorders (PDDs) has increased steadily over the last 20 years, and more rapidly 
over the last several years, as treatment successes have triggered more rigorous 
study. The use of drugs targeted to possible neurochemical systems involved 
in the pathophysiology of autistic disorder (autism) have been shown to often 
reduce aggression, self-injury, andinterferingrepetitivebehaviorinthesepatients 
(Cook, 1990). No pharmacotherapeutics have yet shown a consistent primary 
effect on the core social disability of autism. Combined with comprehensive 
individualized treatment programs, appropriate pharmacotherapy can enhance 
an autistic person's ability to benefit fr om educational and behavior modification 
techniques (McDougle et al, 1994). This chapter will comprehensively highlight 
significant research in the psychopharmacology of PDDs from the perspective 
of specific neurochemical systems. 

Drug treatment studies focusing on subtypes of PDD, other than autism, 
have not yet been conducted (McDougle, 2002). Many trials thus far have used 
heterogeneous samples, including individuais with autism, Asperger s disorder, 
and PDD not otherwise specified (PDD-NOS). As appropriate, differences in 
drug response among patients with different PDD subtypes will be highlighted. 
Because of their rarity, little systematic pharmacologic research has occurred in 
subjects with Rett's disorder or childhood disintegrative disorder. 


Drugs affecting dopamine function 

Evidence ffom clinicai neurobiological studies and drug treatment response data 
suggest that dopamine (DA) function may be increased in some patients with 
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autism. Gillberg et al. (1983) found cerebrospinal fluid (CSF) concentrations of 
homovanillic acid - the primary metabolite of brain DA - to be elevated in 13 
medication-free autistic children compared to matched Controls. In addition, 
the indirect DA receptor agonist amphetamine has been shown to exacerbate 
stereotypic motor symptoms and hyperactivity in some autistic children. 

Haloperidol 

The potent DA (D 2 ) receptor antagonist haloperidol has been studied extensively 
in patients with autism. Campbell and colleagues have published several large, 
well-designed, controlled studies of the efficacy of this agent in young children 
with autism (Anderson et ai, 1984; Anderson et al., 1989; Campbell et ai, 1978; 
Cohen et al, 1980; Perry et al, 1989). In these studies, the authors reported 
haloperidol (doses 1-2 mg/ day) to be efficacious in young children (ages 2-8 
years) for the treatment of severe symptoms associated with autism including 
stereotypies, aggression, withdrawal, hyperactivity, and irritability. Some studies 
showed a positive treatment effect on learning, and in one study older children 
responded better than younger children. Sedation and acute dystonic reactions 
were the most frequent short-term adverse effects. Dyskinesias were also ffe- 
quent, occurring especially upon medication withdrawal. 

Due to the ff equency of dyskinesias associated with haloperidol use in children 
with autism, Campbell etal. (1997)prospectively studied these side-effects in 118 
autistic children (ages 2.3-8.2 years) who had no history of seizure disorder 
or pre-existing dyskinesias. Forty (33.9%) children developed dyskinesias during 
this six-month study of haloperidol treatment followed by four weeks of placebo. 
The majority of dyskinesias were associated with medication withdrawal and 
were reversible. In a subgroup of ten children receiving a higher cumulative dose 
of haloperidol, nine developed dyskinesias. Since haloperidol is associated with a 
high incidence of dyskinesias, its use is reserved for severe treatment-reffactory 
symptoms associated with autism. 

Psychostimulants 

Psychostimulant medications, such as dextroamphetamine and methyl- 
phenidate, affect a number of neurotransmitter systems, although their most 
potent effect is to enhance DA neurotransmission. Early reports of stimulants 
in patients with PDDs showed little benefit, but more recent studies suggest a 
modest effect. 

Quintana et al. (1995) conducted a double-blind, crossover study of methyl- 
phenidate (10 or 20 mg twice a day for two weeks) in ten children aged 7 to 11 
years with autism. Irritability and hyperactivity showed significant improvement 
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as determined by the Aberrant Behavior Checklist (ABC) and Connors Teacher 
Questionnaire. In general, though, the authors considered the overall treatment 
effect to be modest. 

A more recent double-blind, placebo-controlled study of stimulants in autis- 
tic children with symptoms of hyperactivity conducted by Handen et aí. (2000) 
treated 13 children (aged 5 to 11 years) with methylphenidate (0.3 or 0.6 mg/kg 
per dose) and found that the medication was associated with a 50% decrease 
on the Connors Hyperactivity Index in 8 (62%) of the children studied. Adverse 
effects, which were more common with the higher dose, included social with- 
drawal and irritability. 

The National Institute of Mental Health (NIMH)-funded Research Units on 
Pediatric Psychopharmacology (RUPP) Autism Network recently completed a 
large controlled investigation of methylphenidate that may help to elucidate the 
role of stimulants in the treatment of symptoms of hyperactivity, inattention, 
and impulsivity associated with PDDs. 


Atypical antipsychotic agents 

Atypical antipsychotics have the potential to attenuate the maladaptive symp¬ 
toms ofpatients with PDDs, andpotentially targetcore socialization déficits. This 
potential is derived from initial studies that have indicated that in schizophre- 
nia, these agents were shown to improve both “positive” (hallucinations and 
delusions) and "negative” (blunted affect, social withdrawal, lack of interest in 
relationships, diffkulty with spontaneous conversation, and stereotyped think- 
ing) symptoms (McDougle, 2002). Numerous investigators have suggested that 
the negative symptoms of schizophrenia are similar to those déficits that com- 
pose the social déficit associated with autism. The indication from work in 
schizophrenia that these agents are better tolerated than conventional antipsy¬ 
chotics, with a lower risk of acute and tardive dyskinesias, has also led to their 
increased standing in addressing severe behavior issues associated with PDDs. 

Risperidone 

Risperidone is a highly potent serotonin (5-HT) 2A /D 2 antagonist that has been 
found effective in controlled trials in treating the positive and negative symptoms 
of schizophrenia. It has been the most widely studied atypical antipsychotic 
in patients with PDDs. Several open-label and controlled studies have shown 
positive benefits of risperidone in moderating maladaptive behaviors in children 
and adults with autism. 
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Masi etal. (2001) conducteda 16-week, open-label trial ofrisperidone (optimal 
dose 0.5mg/day) in 24 children (aged 3 to 6 years) with PDDs, including 19 
subjects with autism and 5 subjects with PDD-NOS. Thirteen patients (54%) 
were judged treatment responders based on Clinicai Global Impression (CGI) 
global improvement item (CGI-I) ratings of "much improved” or “very much 
improved” and a 25% decrease in Childrehs Psychiatric Rating Scale (CPRS) 
scores. Two subjects left the study because of sedation and tachycardia. No 
severe side-effects were noted in this analysis; the most common adverse eífect 
was increased appetite in six subjects (25%). 

Masi and colleagues (2003) published the results of a larger open-label eval- 
uation of risperidone usage (optimal dose 0.55 ± 0.22 mg/day) in 45 boys and 
8 girls (aged 3-6 years) with autism or PDD-NOS. The patients participated in 
the trial for an average of 7.9 ± 6.8 months. Using the same definition ofpatient 
response as in their previous study, the authors judged 22 (46.8%) of the subjects 
to be responders to the medication. After the study, 28 children (52.8%) stopped 
taking the medication because of side-effects. The most ffequent side-effects 
included an asymptomatic increase in prolactin leveis - 24 (65%) children of 37 
tested - and increased appetite - 8 (15%) of 53 children participating. 

An attempt to evaluate the long-term safety and effectiveness ofrisperidone in 
children was conducted by Malone et al. in 2002. Twenty-two children (mean age 
7.1 years) with autism were treated with risperidone (mean dose 1.2 mg/day) 
during a one-month, short-term phase, and 13 of the children continued into a 
6-month, long-term treatment phase. At the conclusion of the long-term phase 
of this open-label trial, the medication was discontinued to evaluate withdrawal 
efifects. At the end of the one-month treatment period, the childrehs mean CPRS 
score had significantly declined and 17 (77.3%) of the patients were defined as 
"much improved” or "very much improved” on the CGI-I. During the long- 
term treatment phase, the authors had data on 11 of the 13 children who began 
this phase and of these participants 10 (77% of those entering phase two) had 
improved CGI-I scores. The most common side-effect noted during the one- 
month phase was sedation in 15 (68.1%) of the participants. Increased appetite 
was noted in 7 (32%) of the subjects in the one-month trial, and this side-effect 
continued to be prevalent in the six-month phase with an average weight gain 
in those who completed both phases of 7.33 ± 3.7 pounds. Two (15.4%) of 13 
children in the 6-month phase developed mild, reversible withdrawal dyskinesias 
upon medication discontinuation. 

In addition to these open-label studies, two controlled investigations of the use 
ofrisperidone inpatients with PDD have been conducted. McDougle et al ( 1998a) 
conducteda 12-week, double-blind, placebo-controlledtrial ofrisperidone, mean 
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dose 2.9 mg/ day, in 31 adults with autism (17 patients) or PDD-NOS (14 patients). 
Repetitive behavior, aggression, anxiety, irritability, depression, and general 
behavioral symptoms decreased in 8 of 14 patients, as measured by ratings of 
“muchimproved” or “very much improved” on the CGI-I scale. Sixteen subjects 
who received placebo showed no response. Objective improvement in social 
behavior or language did not occur with the treatment. Fifteen patients who 
received placebo during the study were subsequently given open-label risperi- 
done for 12 weeks, and 9 (60%) of these patients were noted to be responders. 
Mild, transient sedation was the only noted side-eífect. Generally, the authors 
reported the medication to be well tolerated without extrapyramidal, cardiac, 
or seizure effects. 

The NIMH-sponsored RUPP Autism NetWork completed an eight-week, 
double-blind, placebo-controlled study of risperidone (mean dose 1.8 mg/day) 
in 101 children and adolescents (aged 5 to 17 years) with autism (RUPP Autism 
NetWork, 2002). At the completion of the study, 69% of the treatment partici- 
pants as compared to only 12% of the placebo group were defined as responders. 
Response was defined by at least a 25% decrease on ABC Irritability subscale 
scores, and a rating of “much improved” or "very much improved” on the CGI-I. 
Risperidone was noted to be effective in treating aggression, agitation, hyper- 
activity, and repetitive behaviors. The medication was associated with a signifi- 
cantly greater weight gain than placebo (2.7 ± 2.9 kg vs. 0.8 ± 2.2 kg). Increased 
appetite, fatigue, drowsiness, dizziness, and drooling were also more common 
in the treatment group. However, no children were withdrawn ffom the study 
because of adverse effects. The authors commented that most side-effects were 
mild and self-limited. This study represents the largest controlled drug trial to 
date in patients with PDD. A follow-up report to this study found that in addition 
to the measures used in the primary analysis, risperidone was superior to placebo 
in reducing symptoms most concerning to the participating patients (Arnold et 
al, 2003). 

Overall, risperidone has been shown in open-label and controlled studies to 
be efficacious in addressing maladaptive behaviors often associated with autism. 

Olanzapine 

Four open-label studies have described the use of the atypical antipsychotic 
olanzapine in subjects with PDD. No placebo-controlled studies of olanzapine 
in patients with PDD have been published to date. 

Potenza et al. (1999) reported that six (86%) of seven children, adolescents 
and adults with autism or another PDD (mean age 20.9 ± 11.7 years) who com¬ 
pleted a 12-week, open-label trial of olanzapine (mean dose 7.8 ± 4.7 mg/day) 
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were medication responders based on the CGI-I. Significant improvement was 
noted on many symptoms, including aggression, anxiety, and social relatedness. 
An average weight gain of 18.44 lb (8.4 kg) per patient was noted during this 
trial. 

Seven male patients (aged 8 to 52 years) with PDD (five with autism, two 
with PDD-NOS) were evaluated for a mean duration of 17.7 months while 
on olanzapine therapy (5-10mg/day) in addition to their current medication 
regimens (five patients on concurrent psychoactive medications) (Stavrakaki 
et al., 2004). All patients showed improvement based on CGI and Global Assess- 
ment of Function scores. Few side-effects were noted by the authors, with dose- 
related sedation being the most common in four (57%) of the patients. 

Kemner et al. (2002) conducted a three-month, open-label trial of olanzapine 
(mean dose 10.7 mg/day) in 25 children (aged 6-16 years) with autism or PDD- 
NOS. Twenty-three children who completed the study showed improvement on 
the Irritability, Hyperactivity, and Inappropriate Speech subscales of the ABC, 
but only three (12%) of those who started the study were noted to have improve¬ 
ment on the CGI. The most common side-effect noted was weight gain with 
increased appetite. Three children (12%) developed extrapyramidal side-effects 
that disappeared after the dose was lowered. 

Olanzapine was compared to haloperidol treatment in 12 children with autism 
(mean age 7.8 ± 2.1 years) during a six-week, open-label treatment study (Malone 
et al, 2001). The mean final dose of olanzapine was 7.9 ± 2.5 mg/day. Both 
treatment groups showed symptom reduction, with five (83%) children in the 
olanazpine group and three (50%) children in the haloperidol treatment group 
showing an improved CGI score. The most common side-effects noted included 
sedation and weight gain. 

Quetiapine 

Only one report to date has evaluated the usage of the atypical antipsychotic 
quetiapine in patients with PDD. Martin et al. (1999) conducted an open-label, 16- 
week trial of quetiapine (1.6-5.2 mg/kg per day) in six children and adolescents 
with autism. Only two patients completed the trial, both of whom were noted 
to be "much improved” or “very much improved” on the CGI-I. Overall, the 
group showed no statistically significant behavior improvement on rating scale 
measures. One subject dropped out because of a possible seizure, and two others 
left the study because of sedation or a lack of treatment effect. 

Ziprasidone 

Two open-label trials of the atypical antipsychotic ziprasidone have been pub- 
lished in patients with PDD. 


227 Psychopharmacology 


McDougle et al. (2002) conducted a naturalistic, open-label study of ziprasi- 
done, 20-120 mg/day (mean dose 59.2 mg/day), in 12 patients aged 8-20 years. 
Nine of the patients were diagnosed with autism and three with PDD-NOS. Six 
patients (50%) were noted to be responders over the 14-weektrial, with response 
being defined by a rating of "much improved” or "very much improved” on the 
CGI-I. Transient sedation was the most common side-eífect, and no cardiovas¬ 
cular effects were reported. 

Cohen et al. (2004) reported on a retrospective study of ten autistic adults 
(mean age 43.8 years) switched to ziprasidone (mean dose 128 ± 41 mg/day) 
frorn other atypical antipsychotics. The study covered six months of treatment 
after the patients were switched, and all patients continued with ziprasidone 
at the end of this review. Primarily, patients switched antipsychotics because 
of weight gain, but other reasons, including increased cholesterol, maladap- 
tive behaviors, and depression were noted. Seven patients (70%) were noted to 
have improvement or no worsening in their maladaptive behaviors on ziprasi¬ 
done. No significant adverse effects were noted with ziprasidone, and eight 
patients (80%) lost weight after the medication switch. 

Clozapine 

The atypical antipsychotic clozapine's mechanism of action is proposed to be 
blockage of the 5-HT 2 a, 5-HT 2 c, 5-HT 3j and dopamine Di-D 4 receptors. Only 
small case reports of the usage of clozapine in patients with PDD exist in the 
liter ature. 

Zuddas et al. (1996) treated three children with autism and hyperactivity 
and aggression reffactory to typical antipsychotics with clozapine. After three 
months of treatment (up to 200 mg/day), all three children were noted to have 
improvement in their target symptoms. Gobbi and Pulvirenti (2001) reported 
one case of a 32-year-old man with autism receiving clozapine (300 mg/ day) with 
clinicai improvement noted on the CGI, including improved socialization and 
decreased ritualistic behavior. No side-eífects were reported in either case report. 

The scarcity of reports of clozapine usage in patients with PDD may be due, 
in part, to the concern regarding agranulocytosis or seizures that have been 
associated with administering the drug. In particular, patients with PDD have 
been reported to have a higher prevalence of seizure disorders. Furthermore, 
the ffequent blood draws necessary for clozapine administration are not ideal 
for children, particularly those with autism. 

Drugs affecting serotonin function 

While little is definitively known regardingthe pathophysiology of autism, abnor- 
malities of the 5-HT neurotransmitter system have been identified in a subset of 
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patients. Schain and Freedman (1961) first reported on elevated leveis ofwhole- 
blood 5-HT in the peripheral vascular system of autistic children compared 
to normal Controls. Others have replicated this finding in groups of children 
compared to normal Controls (Anderson et al, 1987). Conflicting data do exist, 
however, with one controlled study reporting low whole-blood and high urinary 
5-HT leveis in autistic children (Herault et al, 1996). 

Research into the genetic basis of 5-HT dysfunction in individuais with autism 
has yielded mixed results. Several studies have looked for polymorphisms in the 5- 
HT transporter gene specific to individuais with autism. Four studies have shown 
nominally significant excess transmission of alleles ofthe transporter gene, while 
three studies have reported no excess transmission (Conroy et al, 2004). 

Finally, acute dietary depletion of the 5-HT precursor tryptophan has been 
associated with an exacerbation of behavioral symptoms in drug-free autistic 
adults (McDougle et al, 1996a). Based upon the large amount of evidence point- 
ing to 5-HT dysregulation in patients with autism, drugs that affect this system 
have been extensively studied. 

Fenfluramine 

Early reports of elevated leveis ofwhole-blood 5-HT in subjects with autism, com- 
bined with information that the indirect 5-HT agonist fenfluramine decreased 
brain and blood 5-HT leveis in animais, led to this drug receiving extensive 
investigations in autism. 

Despite early enthusiasm generated by reports of treatment success in open- 
label settings, most controlled studies have shown no significant benefits when 
using fenfluramine to treat symptoms associated with autism (Campbell et al, 
1988; Stern et al, 1990). Problems with poor drug tolerability over time were 
also noted during a 2-year follow-up of six children with autism (Varley & Holm, 
1990). Furthermore, increasingevidence ofpossible neurotoxic effects ofthe drug 
on 5-HT neurons in animais and the association of fenfluramine with primary 
pulmonary hypertension and (in combination with phentermine) valvular heart 
disease have eliminatedits use as a safe agent in treating children with maladaptive 
behaviors. 

Clomipramine 

Clomipramine is a nonselective tricyclic agent that has been shown in double- 
blind, placebo-controlled trials to be efhcacious in the treatment of depres- 
sion and obsessive-compulsive disorder (OCD) (Greist et al, 1995). Although 
clomipramine affects norepinephrine (NE) and DA neuronal uptake, its most 
potent action is to inhibit 5-HT uptake. 
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The impact of clomipramine on the treatment of compulsions associated 
with OCD and the resemblance, in part, of these behaviors to repetitive and 
stereotyped behavior in autism, have led some researchers to assess the benefit of 
the drug in patients with PDD. Gordon et al. (1993) published the first controlled 
study of clomipramine in patients with autism. The authors found clomipramine 
(152 ± 56 mg/day) to be superior to the relatively selective NE uptake inhibitor 
desipramine (127 ± 52 mg/day) and placebo in a ten-week (five weeks each on 
drug or placebo), randomized, crossover study in children with autism (mean 
age 9.6 years). In comparison to placebo, improvement from clomipramine was 
noted with regard to anger, hyperactivity and obsessive-compulsive symptoms. 
As compared to desipramine, patients taking clomipramine had significantly less 
anger and obsessive-compulsive symptoms. Adverse effects from clomipramine 
included prolongation of the cardiac QT interval, tachycardia, and grand mal 
seizure. 

Brodkin et al. (1997) completed a 12-week, open-label trial of clomipramine 
(139.4 ± 50.4 mg/day)in35 adults (mean age 30.2years) who met DSM-IV crite- 
ria for PDD (autism n = 15; Asperger s disorder n — 8; PDD-NOS n = 12). Of the 
33 patients who completed the trial, 18 (55%) were noted to be responders based 
on the CGI-I. Improvement was seen in aggression, self-injurious behavior, inter- 
fering repetitive thoughts and behavior, and social relatedness. Thirteen (39%) 
of the 33 patients had significam side-effects including seizures (three patients, 
two with pre-existing seizure disorder previously controlled on medications), 
weight gain, constipation, sedation, agitation, and anorgasmia. 

Similar concerns regarding the tolerability of clomipramine in individuais with 
PDD were mentioned in a seven-week, double-blind, placebo-controlled trial of 
clomipramine (mean dose 128 mg/day), haloperidol (mean dose 1.3 mg/day), 
and placebo in 36 autistic patients (aged 10 to 36 years) (Remington et al, 2001). 
Among the patients who completed the trial, clomipramine and haloperidol were 
similarly effective in reducing overall autistic symptoms, irritability, and stereo- 
typy The authors noted, though, that significantly fewer individuais receiving 
clomipramine versus haloperidol were able to complete the trial (37.5% vs. 
69.7%). Reasons noted for those leaving the trial during clomipramine treat¬ 
ment included lack of efficacy, side-effects, or behavior problems. Among the 
side-effects noted, fatigue and tremor were the most prevalent. 


Fluvoxamine 

Selective serotonin reuptake inhibitors (SSRIs), such as fluvoxamine, are also 
potent inhibitors of 5-HT uptake. Because of their better side-effect profile than 
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clomipramine, SSRIs have been receiving increased attention as a treatment for 
the symptoms of autism. 

To date, only one controlled trial offluvoxamine inpatients with PDD has been 
published. Fluvoxamine (mean dose 276.7 mg/day) or placebo was given to 30 
adults with autism for 12 weeks (McDougle et al, 1996b). Eight patients (53%) 
in the treatment group were categorized a “much improved” or "very much 
improved” on the CGI-I (compared to none of the placebo-treated patients). 
Fluvoxamine was significantly better than placebo at reducingrepetitive thoughts 
and aggression. In addition, fluvoxamine increased the communicative use of 
language as measured by the Ritvo-Freeman Real Life Rating Scale. Adverse 
eífects from the treatment included sedation and nausea, which were minimal 
and self-limited. 

Less encouraging data on the use of fluvoxamine in children and adolescents 
with PDD were generatedby McDougle and colleagues (unpublished data). A12- 
week, double-blind, placebo-controlled study of 34 patients (mean age 9.5 years) 
with PDD (12 with autism, 8 with Asperger s disorder, 14 with PDD-NOS) found 
no significant treatment difference between groups for any target symptoms. 
The average dose of fluvoxamine in the treatment group was 106.9 mg/day 
(range 25-250 mg/day). Only 1 of 18 children in the treatment group showed a 
significant clinicai improvement. Adverse eífects were noted in 14 (78%) patients 
in the fluvoxamine group. The most common adverse eífects included insomnia, 
motor hyperactivity, agitation, and aggression. 

The markedly lower efficacy and tolerability of fluvoxamine in children and 
adolescents with PDD from this preliminary study underscores the importance 
of a developmental approach to pharmacotherapy in autistic patients. 


Paroxetine 

Only a few reports, none of them controlled, have been published on the use of 
the SSRI paroxetine in individuais with PDD. 

Two case reports of the effective use of paroxetine in individuais with autism 
exist. Paroxetine (20 mg/day) decreased self-injury in a 15-year-old boy with 
high-functioning autism (Snead et al, 1994). In the second report, paroxetine 
resulted in a reduction of irritability, tantrums, and interfering preoccupations 
in a 7-year-old boy with autism (Posey et al, 1999). 

Davanzo et al (1998) conducted a 4-month, open-label study of 15 adults 
with severe and profound mental retardation (seven with PDD) who were 
treated with paroxetine (20-50mg/day). The treatment was noted to be suc- 
cessful in reducing aggression at 1 month, but not at the 4-month follow-up. The 
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authors hypothesized that adaptive changes may have occurred in 5-HT receptor 
density and sensitivity, thus leading to the decreased response. 

In a retrospective study of both fluoxetine (20-80 mg/day) and paroxetine 
(20-40 mg/day), Branford etal. (1998) notedthat3 (25%) of 12 adults with "intel- 
lectual disability” and autistic traits (mean age 39 years) treated with paroxetine 
(mean duration of treatment 13 months) were rated as “much improved” or 
“very much improved” on the CGI-I. 

Fluoxetine 

The SSRI fluoxetine has been evaluated in two open-label trials and one small 
controlled study in patients with PDD. 

Fatemi et aí. (1998) conducted a longitudinal open-label trial of seven autis¬ 
tic patients (aged 9 to 20 years) given fluoxetine 20-80 mg/day (mean dose 
37.1 mg/day) for 1-32 months (mean duration 18 ± 10.4 months). As measured 
by the ABC, irritability, lethargy, and stereotypy improved during the trial. 
Adverse effects noted included increased hyperactivity and transient appetite 
suppression. 

A second open-label trial enrolled 129 children (aged 2 to 8 years) with autism 
(DeLong et al, 2002). The patients received fluoxetine (0.15 to 0.5 mg/kg per 
day) for 5-76 months (mean 34 months). The investigators rated the medication 
response as “excellent” in 22 children (17%), "good” in 67 (52%), and "fair/poor” 
in 40 (31%). The authors reported that medication response correlated strongly 
with a familial history of major affective disorder, unusual intellectual achieve- 
ment, and hyperlexia. Aggression was the most prevalent side-effect noted in 
this trial. 

Buchsbaum etal. (2001) conducted a 16-week, placebo-controlled, crossover 
trial of fluoxetine in six adult patients with PDD (five with autism, one with 
AspergeTs disorder). Patients also received positron emission tomography and 
magnetic resonance imaging at baseline and at the end of fluoxetine administra- 
tion. A significam treatment effect was noted with decreased obsessions subscale 
scores on the Yale-Brown Obsessive-Compulsive Scale. Three of the patients 
(50%) were noted to have scores of "much improved” on the CGI-I. The results 
of the imaging studies showed that patients with higher metabolic rates in the 
medial and frontal region and anterior cingulate gyrus at baseline were more 
likely to respond to the medication. 

Sertraline 

To date only open-label trials of the SSRI sertraline exist in patients with PDD. 
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Steingard et al. (1997) conducted an open-label trial of sertraline (25-50 mg/ 
day for 2-8 weeks) in nine autistic children aged 6 to 12 years. Eight of the chil- 
dren (88%) were noted to show clinicai improvement during the trial. Improve- 
ment was observed in irritability, transition-associated anxiety, and the need for 
sameness. 

Over the course of a 12-week, open-label study, McDougle et al. (1998b) eval- 
uated 42 adults with PDD (autism, Asperger s disorder, or PDD-NOS) taking 
sertraline (mean dose 122 mg/day). The authors reported the drug to be effec- 
tive in improving aggression and interfering repetitive behavior, without any 
improvement in social relatedness. As determined by a CGI-I score of “much 
improved” or “very much improved,” 15 (68%) of 22 subjects with autism, none 
of 6 with Aspergehs disorder, and 9 (64%) of 14 with PDD-NOS were judged 
responders. Those subjects with autism or PDD-NOS showed significantly more 
improvement than those with Asperger's disorder. The authors hypothesized 
that this difference may have been because those diagnosed with Asperger s dis¬ 
order were less symptomatic at baseline. Three (7%) of the 42 subjects in the 
study dropped out due to intolerable agitation and anxiety. 

Citalopram 

Only retrospective chart review studies are available regarding the use of the 
SSRI citalopram in patients with PDD. 

Couturier and Nicolson (2002) first evaluated the use of citalopram in a ret¬ 
rospective case series of 17 children and adolescents (age range 4-15 years) with 
PDD (14 with autism, 3 with Aspergehs disorder). Treatment was for a minimum 
of two months with an average treatment duration of 7.4 ±5.3 months and a 
mean final dose of 19.7 ± 7.8 mg/day. Ten (58%) of 17 patients were reported 
to be "much improved” or "very much improved” on the CGI. Core symptoms 
of PDD, including social interaction and communication, showed no improve¬ 
ment. Four patients discontinued the medication because of adverse effects that 
included two patients with increased agitation, one with possible tic develop¬ 
ment and one with severe insomnia. 

A second retrospective case series involving the use of citalopram in children 
and adolescents with PDDs was conducted by Namerow et al. in 2003. This 
investigation reviewed the charts of 15 children and adolescents with PDDs (aged 
6-16 years). Six patients met criteria for Aspergebs disorder, 2 for autism, and 7 
for PDD-NOS. The average final dose of citalopram was 16.9 ± 12.1 mg/day for 
an average duration of 218.8 ± 167.2 days. Analysis of CGI improvement found 
that 11 (73%) of the 15 patients were rated as "much improved” or "very much 
improved.” This improvement was observed for all patients with Aspergehs 
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disorder, 1 of 2 patients with autism, and 4 of 7 with PDD-NOS. According 
to symptom domain, 10 patients (66%) showed improved repetitive and/or 
stereotyped behaviors and 7 patients (47%) showed improved mood profile, 
including decreased aggression and/or irritability. Also, of the patients who 
responded, 9 out of 10 were reported to have previously been nonresponsive to 
other SSRIs. Five patients (33%) in this study reported side-effects that included 
headaches, sedation, agitation, and lip dyskinesias; two patients stopped the 
medication because of these side-effects. 

Buspirone 

Buspirone is a 5-HT 1A receptor partial agonist approved by the Food and Drug 
Administration (FDA) for the treatment of generalized anxiety disorder. 

Several case reports and small open-label studies have reported on the effec- 
tiveness of buspirone in the treatment of patients with autism (reviewed in Posey 
& McDougle, 2000). Larger prospective studies have generated mixed results. 

King and Davanzo (1996) in a prospective, open-label study of buspirone (30- 
60mg/day daily for 28-413 days) found the drug to be ineffective in treating 
the target symptoms of aggression and self-injury in 26 adults with severe to 
profound mental retardation, including 9 patients with PDDs. 

In another open-label study, Buitelaar et aí. (1998) treated 22 children and 
adolescents with PDD with buspirone (15-45 mg/day) for 6-8 weeks. Nine 
subjects (40%) showed marked improvement on the CGI. Improvement was 
noted in the target symptoms of anxiety and irritability. In cases of treatment 
response, patients were followed for 1 year and benefits were sustained in all 
cases. After 10 months of treatment, one patient developed an orofacial-lingual 
dyskinesia, which remitted after discontinuation of treatment. 

No controlled studies of buspirone in patients with PDD have been published. 

Mirtazapine 

The antidepressant mirtazapine (a medication with both serotonergic and nora- 
drenergic properties) has been evaluated in one open-label trial in patients with 
PDD. 

Posey et al. (2001) treated 26 patients, aged 2 to 23, diagnosed with a PDD (20 
with autism, 1 with Asperger s disorder, 1 with Rett’s disorder, and 4 with PDD- 
NOS) with mirtazapine (7.5-45 mg/day, duration of treatment 150 ±103 days). 
Nine patients (34%) were reported to have decreased aggression, self-injury, 
irritability, hyperactivity, anxiety, depression, and insomnia with ratings of"much 
improved” or "very much improved” on the CGI-I. Mirtazapine was not reported 
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to have an impact on social or communication impairment. Side-effects were 
noted to be mild, including increased appetite, irritability, and sedation. 

Tianeptine 

Tianeptine is a newer antidepressant with a novel neurochemical profile. It is not 
currently available in the United States. The drug decreases brain 5-HT uptake 
and reduces stress-induced atrophy of neuronal dendrites (Wagstaff et al ., 2001). 

Niederhofer et al. (2003) conducted the only trial to date of tianeptine in 
patients with PDD. This double-blind, placebo-controlled, 12-week, crossover 
trial enrolled 12 male children (aged 4-15) with autism. The dosage was 
37.5 mg/ day and outcome measures included ABC scores as reportedby patients' 
teachers and clinician ratings of videotaped sessions using the behavior checklist 
and CGI scores. The study had mixed results with teachers reporting improved 
irritability, stereotyped behavior and, inappropriate speech, while clinicians' rat¬ 
ings showed no significant difference on any measure. 

Inositol 

Inositol is a precursor of the second messenger for some 5-HT receptors. Clinicai 
trials have indicated it may be an eífective treatment for patients with depression, 
panic disorder, or OCD (Einat & Belmaker, 2001). 

Only one trial of inositol in patients with PDDs has been conducted. Levin 
et al. (1997) conducted an 8-week, double-blind, placebo-controlled, crossover 
study of inositol (200 mg/kg per day) in ten children (aged 3-8) with autism. No 
significant benefit was noted on any behavioral measure. No side-effects were 
reported during the inositol treatment. 

Venlafaxine 

The antidepressant venlafaxine is a dual 5-HT and NE uptake inhibitor. fts use in 
patients with PDD is limited to a single case report and one retrospective chart 
analysis. 

Marshall et al. (2003) reported a case of venlafaxine (37.5-75 mg/day) being 
associated with increased aggressive behavior in an autistic teenager on main- 
tainance olanzapine (10mg/day) whose treatment goals included decreased 
anxiety, aggression, and severe self-injurious behavior. 

The cases of ten individuais with autism spectrum disorders being treated 
with venlafaxine (6.25-50 mg/day) were analyzed retrospectively to assess the 
impact of the medication on all domains of autistic impairment including 
socialization, repetitive behaviors, and communication (Hollander et al, 2000). 
Six of the patients reviewed (60%) were noted to be "much improved” or 
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“very much improved” on the CGI-I. The authors reported that improvement 
occurred in repetitive behaviors, socialization, communication, inattention, and 
hyperactivity. The medication was reported to have been well tolerated by all 
participants. 


Drugs affecting norepinephrine function 

Studies investigating NE function and the response to drugs affecting this system 
suggest that this neurochemical may not be significantly involved in the patho- 
physiology of autism (Minderaa et al, 1994). This is despite an early report by 
Lake et al. (1977) which found elevated leveis of plasma NE in autistic patients 
compared to age-matched Controls. Not all of these patients were drug-free at 
the time of the study. Later work investigated leveis of the principal metabolite 
of NE, 3-methoxy-4-hydroxyphenethylene glycol (MHPG), in the plasma (Young 
et al, 1981) and CSF (Gillberg et al, 1983) of patients with autism compared to 
control subjects. No difference was found in MHPG leveis in either the plasma 
or CSF in these investigations. 

Despite this lack of positive evidence for a correlation between NE dysregula- 
tion and autism, several noradrenergic agents have been evaluated in controlling 
the maladaptive symptoms of autism. 

Beta-adrenergic blockers 

Beta-adrenergic blockers are drugs that block NE receptors and reduce overall 
NE neurotransmission. 

Ratey et al. (1987a,b) described a reduction in aggressive, impulsive, and self- 
injurious behavior and an improvement in speech and socialization in eight 
hospitalized adults with autism treated with open-label propranolol or nadolol. 
Patients were started on propranolol or nadolol (40mg/day) and the dose 
was increased weekly or biweekly in 40-mg increments until a positive effect 
occurred, or hypotension developed. The final mean dose was 225 mg/ day and 
the average duration of treatment was 14.2 months. All eight patients showed 
moderate or markedly reduced aggression, six (75%) showed improved social 
skills, and four (50%) developed improved speech during the treatment period. 
Seven of the participants were on concomitant neuroleptic treatment during this 
trial, and of these patients, five were able to decrease their neuroleptic dosage 
and one was able to discontinue neuroleptic treatment. The authors felt that the 
improvement noted was due to the beta-blockers decreasing patients’ chronic 
hyperarousal. 
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Clonidine 

The « 2 -adrenergic agonist clonidine has been evaluated in two controlled trials 
involving patients with autism. 

Jaselskis et al (1992) conducted a double-blind, placebo-controlled trial of 
clonidine in eight autistic boys (mean age 8.1 years) who demonstrated symp- 
toms ofinattention, impulsivity, and hyperactivity. Clonidine (0.004-0.01 mg/kg 
per day) or placebo was given during a six-week period, followed by a one- 
week washout, and finally the administration of the alternative treatment for six 
weeks. Teacher and parent ratings showed statistically significam improvement 
with regard to hyperactivity and irritability, but clinician ratings of videotaped 
sessions showed no drug-placebo differences. Adverse effects included hypoten- 
sion, sedation, and irritability. 

Transdermal clonidine (0.005 mg/kgper day) was evaluated in a double-blind, 
placebo-controlled, crossover study (four weeks in each treatment phase) involv¬ 
ing nine males (aged 5 to 33 years) with autism (Fankhauser et al, 1992). Sig¬ 
nificam improvement was noted on the CGI, and specifically hyperactivity and 
anxiety were reduced. The most common adverse effects noted were sedation 
and fatigue. 

Guanfacine 

Guanfacine, also an a 2 -adrenergic agonist, has been evaluated retrospectively 
in one report involving 80 children and adolescents, aged 3 to 18 years, with 
PDDs (Posey et al, 2004a). The mean dosage was 2.6 mg/day and 19 subjects 
(23.8%) were noted to have improved hyperactivity, inattention, and tics along 
with being rated as "much improved” or "very much improved” on the CGI-I. 
Sedation was the most commonly reported side-effect. 

Lofexidine 

The a 2 -adrenergic agonist lofexidine, which is not currently available in the 
United States, has been the subject of one small controlled trial in individuais 
with PDD. 

Niederhofer et al. (2002) conducted a double-blind, placebo-controlled, 
crossover trial of lofexidine (final dose 0.8-1.2 mg/day) in 12 male children (aged 
5-13) with autism. Treatment periods lasted six weeks and outcome measures 
included weekly parent and teacher behavior checklist reports and clinician rat¬ 
ings of three taped behavior examples. The authors reported significam improve¬ 
ment with lofexidine noted by parents and teachers, with the greatest change 
noted in hyperactivity. None of the clinician ratings showed significam differences 
between placebo and lofexidine. The only side-effect reported was hypotension 
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in three subjects (25%) whose medication doses needed to be blindly tapered 
down to alleviate this effect. 


Drugs affecting glutamate function 

The N-methyl D-aspartate (NMDA) subtype of glutamate receptor is central to 
neurodevelopmental processes including neuronal migration, plasticity, and dif- 
ferentiation (Coyle 1996). As such, disturbances in this system, via reduced neu- 
rotropic effects or excessive neurotoxicity, could substantially alter neurodevel- 
opment (Krystal etal, 1999). These ideas have led to hypotheses of glutamatergic 
dysfunction in patients with PDD (Carlsson, 1998). Such theories have laid the 
groundwork for investigation of drugs affecting glutamate in patients with PDD. 

Lamotrigine 

Lamotrigine is an anticonvulsant of the phenyltriazine class. The drug attenuates 
some forms of cortical glutamate release via inhibition of sodium channels, P- 
and N-type calcium channels, and potassium channels. 

In a subgroup of 50 children given lamotrigine (mean maintanance dose 
4.5 mg/kg per day; meanduration 14months) for intractable epilepsy, Uvebrandt 
and Bauziene (1994) treated 13 children with autism (aged 3-13 years). The 
authors reported eight (62%) of the autistic patients showed a decrease in "autistic 
symptoms.” Adverse effects were noted in 42% of all study participants, with 
sleep disturbance and rash being the most common reactions. 

Belsito etal. (2001) conducted a four-week, double-blind, placebo-controlled, 
trial of lamotrigine (5.0 mg/kg per day) in 14 children (aged 3-11 years) with 
autism. Lamotrigine and placebo showed no difference in effect as measured by 
the ABC, Vineland scales, Childhood Autism Rating Scale (CARS), and PreLin- 
guistic Autism Diagnostic Observation Scale. Insomnia and hyperactivity were 
the most common side-effects reported. 

Two case reports of successful use of lamotrigine in patients with Rett's syn- 
drome have been reported (Kumandas et al, 2001). Two girls, aged 2.5 and 4.5 
years, were treated with lamotrigine (3.0 mg/kg per day) for six months. The 
authors reported that after lamotrigine therapy, their convulsions were con- 
trolled, and stereotyped hand movements and autistic behaviors were markedly 
decreased. 

Amantadine 

Amantadine is a noncompetitive NMDA antagonist routinely used for the treat- 
ment ofinfluenza, herpes zoster, and Parkinsons disease. 
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King et al. (2001) conducted a double-blind, placebo-controlled study ofaman- 
tadine in 39 subjects with autism (aged 5-19 years). The design included a one- 
week, single-blind, placebo lead-in, followed by a single daily dose of amantadine 
(2.5 mg/kg per day) or placebo for the following week, then twice daily dosing 
for the subsequent three weeks. No significant diíference was found between 
drug and placebo on parent ratings, although clinician-rated measures of hyper- 
activity and inappropriate speech showed statistically significant improvement. 
The authors reported that the medication was well tolerated. 


D-Cycloserine 

D-Cycloserine is an NMDA partial agonist which has been shown in adults to 
reduce the negative symptoms associated with schizophrenia (Goff et al., 1999). 
To date, one study has looked at the use of D-cycloserine in children with autism. 

Posey et al. (2004b) conducted an eight-week trial of D-Cycloserine (0.7, 1.4, 
and 2.8 mg/ kg per day, each for two weeks) that began with a two-week placebo 
lead-in phase. Twelve drug-ffee children with autism (mean age 10.0 =h 7.7 years) 
were enrolled in the trial, and ten participants completed the study. Two patients 
left the study after the placebo lead-in phase. D-Cycloserine was associated with a 
statistically significant improvement on the CGI-severity item and the ABC Social 
Withdrawal subscale. Overall, the médium and high doses of the medication 
were associated with significant change from baseline. Four patients (40%) who 
finished the study were considered responders based on CGI-I ratings of “much 
improved.” Two subjects in this study (20%) experienced adverse effects at the 
highest dose. These included a transient motor tic and increased echolalia. 


Mood stabilizers 

Divalproex sodium 

Divalproex sodium is approved by the FDA for the treatment of epilepsy and 
manic episodes associated with bipolar illness. 

A single, open-label trial has investigated the use of divalproex sodium in 
patients with PDD. Hollander et al. (2001) conducted an open-label trial of 
divalproex sodium (125-2500mg/day; mean dose 768mg/day; mean blood 
levei 75.8mcg/ml) in 14 subjects aged 5-40, with PDDs (10 with autism, 2 
with Aspergehs disorder, 2 with PDD-NOS). Treatment lasted an average of 
10.7 ± 12.3 months (range 0.5-43 months). Affective instability, repetitive behav- 
ior, impulsivity, and aggression improved in 10 patients (71%) as measured by 
CGI-I ratings of "much improved” or “very much improved.” Adverse effects 
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reported included sedation, weight gain, hair loss, elevated liver enzymes, and 
behavioral activation. Two subjects left the trial within the first two weeks 
because of severe behavioral activation. 

Lithium 

Three case reports of the use of the mood stabilizer lithium in patients with 
PDDs have been published. 

Two reports exist of lithium decreasing manic symptoms in individuais with 
autism and a family history ofbipolar disorder (Kerbeshianetaí., 1987; Steingard 
& Biederman, 1987). A single report of lithium augmentation of fluvoxamine 
treatment in an adult with autism noted improved aggression and impulsivity 
after two weeks of treatment as measured by the CGI, Brown Aggression Scale, 
and Vineland Adaptive Behavior Scale (Epperson et al, 1994). 


Other therapeutic agents 

Carnosine 

The dipeptide carnosine is thought to possess some neuroprotective or anti- 
convulsant effects by having a chelating effect on zinc and copper in the brain 
(Horning et al, 2000), perhaps acting to modulate the impact of these metais at 
GABA receptor sites (Chez et al, 2002). 

A single study has assessed the use of carnosine in treating patients with 
PDD. Chez et al. (2002) conducted a double-blind, placebo-controlled, eight- 
week crossover study of L-carnosine (800mg/day) in 31 children (aged 3-12 
years) with either autism or PDD-NOS. Thirteen of the participants (42%) had 
a previously abnormal EEG, and thirteen subjects were on maintainance val- 
proic acid treatment during the trial. This trial generated mixed results with 
significant treatment changes noted on the Receptive One-Word Picture Vocab- 
ulary Test and all domains of the Gilliam Autism Rating Scale, but no significant 
changes were reported on the CGI, CARS, or the Expressive One-Word Picture 
Vocabulary test. No children had to leave the study because of medication side- 
effects. The authors reported only sporadic hyperactivity with the medication 
that resolved by decreasing the dosage. 

Dimethylglycine 

The dietary supplement dimethylglycine has been shown to decrease seizure 
activity in humans (Freed, 1984) and activate immune Systems in animal studies 
(Reap & Lawson, 1990). 
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Bolman and Richmond (1999) investigated the use of dimethylglycine in males 
with autism in a double-blind, placebo-controlled, crossover pilot study. Eight 
males (aged 4-30 years) received either one, two, or three 125 mg medication 
tablets (depending on their weight) over a four-week period. No statistically 
significant difference was found between treatment and placebo on any measure 
employed including the Campbell-NIMH rating scale, an experimental rating 
scale, and an individualized scale created for each child. The medication was 
reportedly well tolerated. 

In a second study, Kern et aí. (2001) conducted a four-week, double-blind, 
placebo-controlled study of dimethylglycine (125 mg, 1-5 tablets per day depend¬ 
ing on weight) in 18 children (aged 3-11 years) with autism or another PDD. 
Improvement on all behavioral measures, including Vineland scales and the ABC, 
were found for both placebo and treatment groups. No statistically significant 
difference was found between groups. 

Donepezil 

The cholinesterase inhibitor donepezil has been evaluated in two open-label 
investigations in patients with PDDs. 

Chez et aí. (2000) conducted a 12-week, open-label trial of donepezil (2.5 or 
5 mg/ day) in 25 boys (mean age 6.59 years) with PDDs. Significant improvement 
was observed in speech production as measured by the Expressive and Receptive 
One-Word Picture Vocabulary Tests. Autistic features, as measured by the C ARS, 
did not show statistically significant improvement. Adverse effects noted included 
aggression, irritability, lethargy, and sleep disturbances. 

A smaller, retrospective, open-label review of donepezil given to children with 
autism reported that half of the children showed a significant response to the med¬ 
ication (Harden & Handen, 2002). Eight children (aged 7-19 years), each on addi- 
tional psychoactive medications during the review, were given donepezil (mean 
dose 9.37 ± 1.76 mg) over a two-month period. After treatment, four (50%) 
children had CGI-I scores of either “much improved” or "very much improved.” 
Amongall subjects, ABC Irritability and Hyperactivity subscale scores decreased, 
without any changes on the Inappropriate Speech, Lethargy, or Stereotypies sub¬ 
scale scores being noted. Side-effects were reported as limited, with one patient 
developing nausea and vomiting and one patient reporting mild irritability while 
taking the drug. 

Levetiracetam 

Levetiracetam is a novel anticonvulsant with an unknown mechanism of action 
currently approved to treat adult partial seizures in the United States. 
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Rugino and Samsock (2002) conducted an open-label study of levetiracetam 
(925 ± 307 mg/day) in ten males (age range 4-10 years) with autism or PDD- 
NOS. Patient evaluation was carried out at the beginning of the trial and again 
after taking the drug for an average of 4.1 weeks. Patient data were grouped 
and the authors reported a significant improvement in mood instability as mea- 
sured by the Conners Global Index (Emotional Lability Scale and Global Scale). 
Improvement in hyperactivity, impulsivity, and inattention was found using the 
Conners ADHD Index scale and Achenbach Attention scale; no significant dif- 
ference was noted with regard to aggression as measured by the Achenbach 
Aggression scale. The authors noted that this was due to worsening aggression 
in those children weaned off medications targeting aggression before the trial. 
Side-effects were mild with the exception of one patient who developed a diffuse 
rash that resolved with medication discontinuation. 

No controlled trials of levetiracetam in PDD have been published to date. 

Naltrexone 

The opiate receptor antagonist naltrexone has been evaluated in four controlled 
studies in patients with autism. This research was stimulated by past investiga- 
tions which have implicated the opioid system in the pathophysiology of autism. 
Controlled studies have found increased endorphin leveis in the blood (Werzman 
et al, 1984) and CSF (Gillberg et al, 1985; Ross et al, 1987) of individuais with 
autism. 

In a small, double-blind, placebo-controlled trial, Leboyer et al. (1992) stud- 
ied naltrexone (0.5-2.0 mg/kg per day) given for one week in four autis- 
tic children (aged 4-19 years). Three of the children had high blood endor¬ 
phin leveis at baseline, and all children demonstrated significant symptom 
improvement on the medication; the patient with normal blood endorphin 
leveis showed no improvement. Positive changes noted in those with elevated 
blood endorphin leveis included improved eye contact, increased socialization, 
verbalization, and attentiveness, and decreased restlessness and self-injurious 
behavior. 

A larger, double-blind, placebo-controlled study of 41 children with autism 
found naltrexone useful only for symptoms of hyperactivity, with no positive 
gains noted with regard to ability to learn (Campbell et al., 1993). Side-effects in 
this study were noted to be mild and transient. 

Two double-blind, placebo-controlled studies of naltrexone in individuais 
with autism have shown no positive effects from medication usage. Willemsen- 
Swinkels et al. (1995) conducted a four-week trial of naltrexone (50 mg/day or 
150 mg/day) versus placebo in 16 adults with autism. Naltrexone was noted to 
have no therapueitic effect on autistic symptoms or self-injurious behavior, and 
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the medication was noted to cause an increase in stereotyped behavior. Feldman 
etal. (1999) evaluated24 childrenwithautism(aged3-8.3 years) whoweretreated 
with naltrexone (1 mg/ kg per day) or placebo for two weeks. No diíferences were 
found between naltrexone and placebo for any measures of communication. In 
summary, most controlled studies suggest that the core symptoms of autism and 
maladaptive behavior are not significantly aífected by naltrexone. 

Percy etal. (1994) conducted a four-month, double-blind, placebo-controlled 
trial of naltrexone in 25 patients with Rett’s syndrome (aged 2-15.7 years). Posi¬ 
tive treatment effect on respiratory disturbance was noted. Overall, the authors 
suggested that the treatment had a deleterious effect, with declines in motor 
function and a more rapid progression of the disorder noted in the treatment 
group. 

Oxytocin 

Oxytocin is a neurohypophyseal peptide that has an established role in milk ejec- 
tion and uterine contraction during labor. Oxytocin's role in social development 
has been supported in animal studies (Cárter et ai, 1992; Insel & Hulihan, 1995; 
Popik & van Ree, 1992 ; Witt etal., 1992). Animais administered oxytocin have also 
been noted to develop repetitive behaviors (Drago et al, 1986; Insel &Winslow, 
1991; Nelson & Alberts, 1997). Modahl etal. (1998) found lower plasma oxytocin 
leveis in 29 prepubertal autistic children compared to age-matched normally 
developing Controls. These findings have supported the investigation of oxy¬ 
tocin as a treatment option for individuais with PDD. 

Hollander et al. (2003) conducted a double-blind, placebo-controlled study of 
oxytocin (continuous four-hour infusion) in 15 high-functioning(IQ = 90 rt 9.90) 
adults with PDD (6 with autism and 9 with Asperger s disorder). A significam dif- 
ference was noted in the number and severity of repetitive behaviors as measured 
during the infusion. Side-effects were reportedly mild and those with autism and 
Aspergebs disorder responded similarily. 

No multidose or long-term follow up studies of oxytocin have been published 
in patients with PDD. 

Secretin 

Secretin is a polypeptide hormone secreted primarily by the endocrine cells of 
the upper gastrointestinal (GI) tract that are involved in regulating pancreatic 
exocrine secretion. Horvath et al. (1998) reported on three children with autism 
who showed marked improvement in language and social behavior after receiv- 
ing secretin during a routine workup for GI complaints. Since this time, a wave of 
excitement and optimism was generated regarding secretin as a potential "cure” 
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for autism. In response, a large number of well-designed controlled trials have 
been conducted testing this hypothesis. 

Nine single-dose, double-blind, placebo-controlled trials of synthetic (four 
trials) or porcine (five trials) secretin in a total of 433 children with autism 
all reported no significant improvements on any parameter tested, including 
measures of language, socialization, and maladaptive behavior (Carey et al, 
2002; Coniglio et al, 2001; Corbett et al, 2001; Dunn-Geier et al, 2000; Kern 
etal, 2002; Malloy etal, 2002; Owley etal, 2001; Sandler etal, 1999; Unis etal, 
2002). 

Two studies have evaluated multiple doses of secretin in patients with autism. 
Roberts et al (2001) conducted a double-blind, placebo-controlled trial using 
two doses of secretin given six weeks apart to 64 autistic children. No significant 
treatment effects were found in this investigation. A much smaller study was 
carried out with six children in a crossover design used three doses of secretin 
(Sponheim etal, 2002). Again, this study found no significant differences between 
secretin and placebo. 

Based on the results of these 11 systematic investigations, secretin is not 
currently recommended as a treatment for target symptoms associated with 
autism. 


Conclusion 

Significant progress in the pharmacotherapy of PDD has been made in recent 
years. This progress is best exemplified by the development of the RUPP Autism 
NetWork and the large multisite controlled study of risperidone already con¬ 
ducted by this group. As these advances continue, one can anticipate a con- 
tinuous flow of open-label reports with successful reports followed by rigorous 
controlled studies. Ongoing work is necessary to further begin to tease out med- 
ication effects on specific subtypes of PDD. As the most recognized and prevalent 
PDD, autism has garnered the most research attention. It will be important to 
continue to address the difference in medication response between all subtypes 
of PDD whenever possible. It will also be necessary to continue to follow chil¬ 
dren and adults with PDD on psychopharmacologic agents over a long period 
to determine both the impact of development on drug response and assess for 
long-term side-effects. 

The recent increase of available data has allowed for the development 
of symptom-based algorithms for the psychopharmacologic management of 
autism (Stigler et al, 2003). This is important in that it gives emphasis to the 
importance of specific target symptoms while recognizing that to date there is 
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no one drug designed to alleviate all possible maladaptive behaviors associated 
with PDDs. These published algorithms address hyperactivity/inattention, anx- 
iety, repetitive behaviors, and aggression. In addition to behavior therapy being 
recommended as a first-line approach to most symptoms, o , 2 -adrenergic ago- 
nists followed by atypical antipsychotics (if no response) are recommended for 
treatment of hyperactivity or inattention. In this report, anxiety is recommended 
to be approached with mirtazapine first followed by low-dose SSRI, and then 
o' 2 -adrenergic agonists, if necessary. Repetitive behaviors are referred to a trial 
of low-dose SSRI followed by an atypical antipsychotic if no response is seen 
with the SSRI. Aggressive behavior is divided in this analysis between mild and 
severe degrees, with mild cases referred to an a 2 -adrenergic agonist, followed 
by an atypical antipsychotic and then a mood stabilizer, if necessary. Severe cases 
follow a similar progression with the exception that treatment is recommended 
to begin with an atypical antipsychotic. The fact that such algorithms have been 
developed is a testament to the continued growth and maturation of the research 
surrounding autism and psychopharmacology. These proposals will be able to be 
adjusted and refined as new information becomes available and over time, after 
adequate testing, such protocols could even possibly be adopted by governing 
bodies of professionals as official recommendations. 

While it is recognized that medications work to assist patients with severe 
behaviors to gain frorn nonpharmacologic treatment modalities, research that 
investigates drug treatment in combination with certain educational and behav- 
ioral therapies should be pursued. This would help to determine in which areas 
medications specifically enhance learning experiences for individuais with PDD. 
A future goal will be giving practitioners information about which drugs offer 
the greatest efhcacy to address a specific behavioral déficit, which may be limiting 
a participant’s progress in a particular area of education or behavioral treatment. 

Pharmacogenetics (the study ofthe geneticbasis of treatment response or lack 
thereof) will continue to be important in the research of PDD psychopharmacol¬ 
ogy. Examples thus far are the numerous studies looking at the 5-HT transporter 
gene in autistic individuais. The fields of genetics and psychopharmacology will 
continue to be best served by working together to understand the basis of treat¬ 
ment response, always with an eye toward linking treatment effects to possible 
etiologic factors of PDDs. 

The advancement of neuroimaging to look at both functional and structural 
entities should serve psychopharmacologic research well as treatment response 
can be viewed in both behavioral manifestations and at the levei of altered brain 
activity. This combination, again like that with genetics, can also point toward 
potential pathophysiologic causes of the impairments associated with PDD. 
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Finally, the scientific community will need to continue to be cognizant of 
reputed autism "cures” and the impact such reports have on the families of 
patients with PDDs. It will be necessary for such claims to be continually evalu- 
ated in a scientifically rigorous manner. 
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Our understanding of the pervasive developmental disorders (PDDs) has radi- 
cally altered in the past 40 years. The initial recognition that these are biologically 
based conditions (Rimland, 1964), and rejection of the psychoanalytic concept 
of parental blame as an explanatory mechanism (Bettelheim, 1967), created an 
intellectual context in which behavioral and educational interventions could 
take root. Beginning with demonstrations by Ferster (1961), Lovaas etal. (1966), 
and Bartak and Rutter (1971) that principies of learning influenced the behavior 
of these clients, there developed an appreciation of highly structured, carefully 
planned interventions to meet the needs of people with autistic disorder and 
related conditions. Since the mid 1960s the teaching technology for this popula- 
tion has grown increasingly sophisticated and effective. 

This chapter reviews the State of the art in behavioral and educational treat- 
ments for people with PDDs. The focus is on assessment and treatment of 
skill déficits, especially language and social skills, and intervention with danger- 
ous or disruptive behaviors, such as self-injury or aggression. The behavioral 
technology for early intervention is addressed, as are the controversial treat¬ 
ment approaches of facilitated communication and auditory integration therapy. 
Finally, the need to consider the family context in which treatment takes place 
is discussed. 

This chapter is based on research with people diagnosed as exhibiting autistic 
disorder, Asperger s disorder, and pervasive developmental disorder not oth- 
erwise specified (PDD-NOS). In some cases they are described as “autistic” 
or demonstrating "autistic behaviors.” These variations in language reflect the 
changing State of the diagnostic art as well as variation among client populations. 
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Behavioral assessment 

Behavioral assessment is integral to applied behavior analysis. Van Houten and 
his colleagues (1988) call for an initial behavioral assessment and ongoing eval- 
uation as every client's basic right. This assessment approaches each client as a 
unique person, and examines the learning history, biological factors, and current 
setting in which that person functions. The evaluator explores such questions as 
"What are the conditions under which the maladaptive behavior occurs?”, “Is it 
possible to change environmental cues to reduce the likelihood of triggering a 
problem behavior?”, or "What existing skills may be engaged to assist this client 
in learning a new skill?” It is important for this assessment to continue over time. 
Typically, one does an initial assessment, tries an intervention, and based on the 
outcome, either continues the treatment or changes it. Changes in treatment 
strategy should be data based. 

Behavioral assessment also examines the generalization and maintenance 
of target behaviors. When we teach a new skill we intend that it be used in 
every appropriate setting (generalization) and that its use continues over time 
(maintenance). If a child speaks only to her teacher, or uses the word "bali” 
only for a single blue bali, the skill has limited generality. If the skill drops away 
over time, it has shown poor maintenance. Both generalization of skills to new 
persons, places, and objects, and maintenance of skills over time are vital if a 
behavior is to have adaptive value for the client. 

Clients come for treatment presenting a variety of concerns. For example, 
if a child with autistic disorder has severe tantrums, is not toilet trained, and 
does not speak, one needs to decide where to begin treatment. The educator 
or clinician chooses ffom among several presenting problems those that merit 
immediate intervention and those to be addressed later. In their discussion of 
this decision-making process Mash and Terdal (1988) note that some behaviors, 
such as those that are physically dangerous, or keep the client from access- 
ing naturally reinforcing environmental events, would be more urgent than 
behaviors that do not pose an immediate crisis, or isolate the client from the 
community. For example, treating self-injury is usually more urgent than toilet- 
training, although both are important to a clienfs long-term functioning. Devel- 
oping an intervention hierarchy is typically done by the clinician in consultation 
with the clienfs family and teachers. Clients of normal intellectual function¬ 
ing, such as the person with Aspergebs disorder, may have their own treatment 
priorities. 

A good behavioral assessment considers the developmental appropriateness 
ofthe targeted skill. Both chronological age and mental age should be considered 
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in a treatment plan. Although a person may not be capable of fully mastering 
the skills being acquired by typically developing peers, it is important to bring 
that person as close as possible to that goal. An adolescent with autistic disorder 
and mental retardation may not "surf the net,” but he or she can probably learn 
to play some video games. 

Teaching new skills 

Teaching new, adaptive skills to persons with PDDs is at the heart of the educa¬ 
tional enterprise. There are repeated demonstrations that when properly taught, 
persons with autistic disorder, Asperger s disorder, and PDD-NOS can markedly 
improve their expressive and receptive language, social awareness, and perfor¬ 
mance on academic, life skills, and vocational tasks. 

Language 

Teaching language to people with PDDs was one of the earliest accomplishments 
of applied behavior analysts. Beginning with the demonstration by Lovaas et dl. 
(1966) that previously mute children could acquire rudimentary speech, there 
has been continuing research on speech and language. Initially this work used 
behavioral techniques in artificial settings to teach specific grammatical forms 
including nouns (e.g. Guess et aL, 1968), prepositions (Frisch & Schumaker, 
1974), and interrogative sentences (Twardosz & Baer, 1973). Gradually there 
was a shift toward teaching functional language in the natural world. This shift 
was motivated by the discovery that skills learned in a restrictive setting were 
not automatically generalized to the studenfs natural environment, and the 
observation that if skills were to be functional they had to be taught in ways that 
facilitate generalized use (Harris, 1975). 

Teaching spontaneous functional language to people with PDDs has benefited 
considerably in recent years by research based on Skinnebs (1957) writings about 
verbal behavior. This work has led to important advances in the sequencing of 
language instruction (e.g. Sundberg & Partington, 1998). For example, it is now 
widespread practice to begin by teaching children of limited verbal ability to 
request the things they want (mand training) rather than teaching them to name 
common objects (tacting) as used to be done. The logic behind this concerns the 
strong motivation and direct reinforcement for requesting desired items and thus 
the opportunity for the learner to experience speech (or Sign) as valuable. Tacting 
now comes later in training than does requesting. There is also an appreciation 
of the need to provide objects and experiences that are highly reinforcing for the 
child and to create conditions that heighten the child's interest in these items. 
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This process of capitalizing on a chilcTs motivation is called creating or capturing 
an establishing operation (Michael, 1993). For example, one could give a child 
a can of favorite drink, but leave it sealed so she or he must ask her teacher to 
open it and thus use language functionally. Along with the focus on the sequence 
of teaching verbal behavior skills and the careful consideration of the learnebs 
preferences for reinforcement, applied behavior analysts continue to rely on 
other more traditional techniques such as discrete trial instruction, prompting 
of responses, and shaping of new skills. 

Although current technology enables many people to speak who would previ- 
ously have been mute, there are still learners for whom limited speech remains a 
major barrier to community life. Increasingly, for these people, there is a reliance 
on augmentative communication methods (Harris, 1995). Sign language, the 
Picture Exchange Communication System (Bondy & Frost, 2001), a board with 
pictures or words to which a person can point, or a handheld electronic device 
whichprovides aprintedmessage, or functions as a voice synthesizer can enhance 
communication in mute clients. The choice among these items requires a careful 
assessment of the individuaPs cognitive abilities, verbal and nonverbal imitative 
skills, and motor control. 

Social skills 

Déficits in social skills characterize the PDDs. These problems range ff om a pro- 
found lack of social engagement exhibited by some people with autistic disorder 
and co-occurring mental retardation, to a relatively subtle but nonetheless seri- 
ous problem in empathic understanding exhibited by a highly intelligent person 
with Aspergebs disorder. Social skills programs should be part of the treatment 
agenda for nearly every person in this diagnostic grouping. Interest in social skills 
déficits has stirred both theoretical research on “theory of mind” (e.g. Happe, 
1995; Hobson, 1993; Leslie, 1987), and applied work on specific interventions to 
help persons with PDDs become more socially adept. 

Countless social skills are necessary to be a competent adult in an industrial- 
ized society. For example, one needs to greet other people, keep an appropriate 
physical distance, make purchases in a store, and recognize emotions. To be an 
active member of the community many other skills are required such as par- 
ticipating in leisure activities, sharing resources, exchanging compliments, and 
so forth. Most of us learned these skills through informal lessons, but for the 
person with a PDD they must be painstakingly taught. Among the interventions 
for teaching social skills are programs for increasing proximity to peers during 
play (Hoch etal, 2002), increasing social initiations (Shabanietaí., 2002), increas¬ 
ing social communication (Thiemann & Goldstein, 2001), showing appropriate 
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affective behavior (Gena et al., 1996), and engaging in symbolic (Stahmer, 1995) 
and sociodramatic play (Thorp et al., 1995). 

Peer modeling is a potent tool for teaching social skills. Research on the 
benefits of exposure to competent peers has been carried out primarily with 
preschool-aged children (e.g. Odom et al, 1985; Odom & Strain, 1986), with 
a few studies looking at older children (e.g. Lord & Hopkins, 1986; Sasso & 
Rude, 1987) including junior high school youngsters (Haring & Breen, 1992). 
Initially the research in this area relied heavily on adult intervention (e.g. Strain 
& Timm, 1974; Strain et al., 1976) while later work taught typically developing 
peers how to engage the child with a PDD (e.g. McGee et al, 1992; Pierce & 
Schreibman, 1995). Another promising line ofworkteaches the child with autism 
to initiate social interactions (e.g. Belchic & Harris, 1994; Zanolli et al., 1996). 
In clinicai practice one is not confmed to a single intervention; the teacher may 
prompt behavior as needed, peers may be taught skills for initiating play, and 
the child with autism may learn to initiate and respond to social bids. Several 
studies have demonstrated that classwide interventions involving peer tutoring 
and cooperative learning groups can improve the academic progress of an entire 
class, including children with autistic disorder (e.g. Dugan et al., 1995; Kamps 
etal, 1994). 

Decreasing maladaptive behavior 

Well-trained applied behavior analysts makes relatively little use of punishment 
and a great deal of use of positive reinforcement in bringing maladaptive behav¬ 
ior under control. Although some strategies such as ignoring inappropriate 
behavior (extinction) or the use of a punishment such as time out from positive 
reinforcement may be part of a treatment plan, the heart of each plan should 
be teaching new adaptive behaviors to replace those that are inappropriate. 
One key to the shift from the field’s historie use of aversive procedures to the 
current emphasis on nonaversive techniques has been the increased effective- 
ness of methods for assessing the functions of maladaptive responding (Pelios 
et al, 1999). The research shows that if one does a careful functional assessment, 
teaches the client alternative ways to communicate needs, and alters controlling 
environmental variables, it is possible to reduce the frequency of many intru- 
sive behaviors such as aggression, self-injury, and stereotyped behavior (Durand 
& Carr, 1991). However, it is essential that this assessment be tailored to each 
clienfs needs. For example, Kennedy et al. (2000) identified multiple functions 
for the stereotypic behavior of young people with autism with some instances 
of stereotypic (i.e. "self-stimulatory”) behavior being reinforced by escape or 
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avoidance of work r ather than the automatic reinforcement that has tr aditionally 
been assumed to underlie all repetitive behavior. One cannot make assumptions 
about the motivating factors in disruptive behavior, but instead must carry out 
a careful assessment to determine what is maintaining the behavior for each 
individual learner. 

Many of the studies examining the relationship between environmental or 
contextuai events and maladaptive behavior have focused on two patterns: 
escape-motivated behavior and attention-seeking behavior (Durand & Carr, 
1987). These two variables account for many of the disruptive behaviors emitted 
by people with PDDs. Among other environmental factors that may influence 
maladaptive behaviors are such diverse events as the noise of another child crying 
(Tang et al., 2002), variations in meai schedule (Wacker et al, 1996), certain kinds 
of verbal reprimands (Fisher et al, 1996), briefbreaks ffom work (Zarcone et al, 
1996), and giving warnings before changing activities (Tustin, 1995). Physical 
factors such as middle-ear infections, allergies, and sleep disruption must also 
be considered in a comprehensive assessment (0’Neill et al, 1997). It may be 
important to carry out an assessment in more than a single setting. Haring and 
Kennedy (1990) reported that disruptive behavior in an instructional setting was 
controlled by different factors than that same behavior during leisure time. 

The most powerful way to identify the factors controlling a maladaptive 
behavior is through a functional analysis in which variables such as teacher 
attention, work demands, and other potentially important factors can be sys- 
temically manipulated in brief, highly controlled analogs of the clienfs usual 
routines. Once a functional analysis is performed, and the controlling variables 
have been identified, it is often possible to provide functional communication 
training to teach the client an alternative response. For example, a person whose 
self-injury results in work avoidance may be taught to ask for a break (e.g. Lalli 
et al, 1995), and in this way work activities may be modified. 


Early intervention 

Early intervention with children who have PDDs can, in some cases, markedly 
alter their developmental trajectory. Some of these children can enter a reg¬ 
ular kindergarten or first grade following an intensive preschool experience. 
Lovaas's (1987) very influential demonstration of the benefits of early interven¬ 
tion reported that nearly half of his young participants with autistic disorder 
achieved normal intellectual and educational functioning by first grade. A num- 
ber of subsequent studies have likewise reported significant gains for very young 
children exposed to intensive treatment (e.g. Birnbrauer & Leach, 1993; Harris 
etal, 1991; HowardetaL, 2005; Sallows & Graupner, 2005). However, inthe only 
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study using randomized assigment, Smith et al. (2000) - while finding that the 
children who received intensive treatment were superior to a comparison group 
on such factors as post-treatment IQ - visuospatial skills, language, academic 
skills, and school placement, did not find as great a benefit as did Lovaas (1987). 
A number of differences between the two studies in such factors as total hours of 
instruction and initial functioning levei of the children may have influenced the 
outcome. For example, children who are younger and have higher IQs appear to 
benefit more than those who are older or have lower IQs (Harris & Handleman, 
2000). Much research remains to be performed to determine who benefits in 
what ways from these intensive methods. 

A number of factors characterize some of the most effective early intervention 
programs (Handleman & Harris, 2001). One feature is individualized, compre- 
hensive programming. As noted above, one of the things behavioral technology 
does well is to study each child, and identify the specific strengths and déficits 
of that child, as well as the contextuai variables that influence the child's behav- 
ior. This assessment, when linked to a comprehensive curriculum that meets a 
range of needs, serves children with PDDs well. The highly effective treatment 
programs also emphasize identifying children as early as possible, and working 
with them in a very favorable teacher-to-child ratio, often one-to-one in the 
early stages. Most effective programs also have a highly systematic approach to 
helping children with autistic disorder and related conditions learn to interact 
with peers, and function in the natural environment of childhood. As discussed 
above, peers can play an integral role in this treatment. 


Controversial treatments 

Perhaps because we do not fully understand the etiologies of the PDDs, and are 
not effective at treating every person with these disorders, there continue to be 
reports of controversial treatments. Were the PDDs as minor as the common 
cold, or as responsive to treatment as many bacterial infections, few parents or 
professionals would adopt alternative treatments without rigorous supporting 
data. One must be cautious of uncontrolled case reports of dramatic changes in 
people with PDDs. Skepticism is especially in order when these reports make no 
sense on theoretical grounds, or in terms of our knowledge of PDDs, or when 
disinterested scientists cannot replicate the finding. Those principies are part of 
the "common sense” of Science, but are still brushed aside by some. 

Facilitated communication 

One controversial treatment that has passed its peak ofpopularity, but is still used 
by some, is facilitated communication (Biklen, 1990). Following a great deal of 
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attention in the media, extensive empirical effort was directed toward fadlitated 
communication, a method that provides the nonverbal person with autism an 
opportunity to communicate through graduated physical guidance at a keyboard 
or other communication device (Jacobson et al., 1995). Initial public response 
to this method was enthusiastic. For example, based on the sophisticated Com¬ 
munications that arose using fadlitated communication, children with autistic 
disorder who had been assumed to have co-occurring mental retardation, were 
moved ff om specialized to regular classes, and a normative curriculum, through 
the support of their facilitator. 

A major review by Jacobson and his colleagues (1995), and a more recent 
follow-up by Mostert (2001), note that scores of well-controlled studies in inde¬ 
pendem laboratories failed to find that the Communications that arise during 
facilitated communication can be attributed to the person with a PDD. Equally 
of concern is the repeated finding that it is the facilitator, and not the client, 
who Controls the communication (e.g. Montee et al., 1995). Thus there is reason 
to question whether children are benefiting ffom their new educational place- 
ments, and whether, in fact, they are being denied the opportunity to learn 
essential skills for later life. 

Based on their research Montee and her colleagues (1995) recommend that 
facilitated communication not be used. They suggest that if individuais are com- 
mitted to the continuing use of this approach, in spite of the lack of validation, 
it is essential that ". . . every communication produced through facilitated com¬ 
munication should be verified through another means . . .” (p. 198), and that 
informed consent be required when facilitated communication is attempted. 
Smith (1996) urges that Service providers who rely on facilitated communica¬ 
tion be avoided. Given the lack of supporting data, and the potential danger of 
failing to provide an appropriate education, a rigorous assessment of the ben- 
efits of facilitated communication for any individual client should be routine 
if a parent or educator insists upon applying the techniques. The experimental 
literature has countless models for such an assessment. 

Auditory integration training 

Auditory integration training (AIT) was initially based on the idea that hypersen- 
sitive hearing causes some of the maladaptive behaviors of people with PDDs. It 
was argued that decreasing this sensitivity by systematic exposure to problem- 
atic sound frequencies led to improved behavior (Stehli, 1991). However, it is no 
longer clear whether hypersensitivity plays a major role in predicting response 
to this treatment (Rimland & Edelson, 1994). During AIT people listen to music 
electronically modulated, and sometimes filtered, to create what are believed to 
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be therapeutic sounds. Interestingly, questions have been raised about whether 
filtered sounds are required for beneficiai effects (Bettison, 1996; Rimland & 
Edelson, 1994). At present this method is still experimental, and there are too 
few data to be certain whether the approach benefits people with PDDs. How- 
ever, some of the people who advocate AIT are studying whether and when it 
might be helpful (e.g. Rimland & Edelson, 1995). In the absence of consistently 
demonstrated benefits it is essential that if AIT is used, data are collected to deter¬ 
mine whether a client is benefiting. Unlike facilitated communication, there is 
no reason to believe that AIT interferes with effective education. 


Role of the family 

Once it was recognized that poor parenting did not cause a child to have a PDD, it 
became possible to think about parents as partners in a treatment process, rather 
thanaspartofthe child’s problem (LovaasetaL, 1973; Schopler & Reichler, 1971). 
It was evident that family support was essential if a child's newly learned skills 
were to be maintained and generalized (Lovaas et al, 1973). Recognition of 
the crucial role of parents led to research on the most effective ways to teach 
behavioral technology (e.g. Harris, 1983, 1989; Koegel et al, 1984). That work 
shows that parents can master essentially any behavioral skill, and that their 
application of these skills can be highly effective, especially when the family is 
provided with ongoing programming support (Harris, 1986). 

Every family that includes a child with a PDD should learn behavioral teaching 
strategies to support their child’s education. However, it is also important to 
recognize that being the parent of a child with a PDD is inherently stressful. As a 
result, parents may require considerable formal and informal support in dealing 
with the demands imposed on them by their child’s unusual needs (National 
Research Council, 2001). 


Conclusion 

In the past 40 years there have been major advances in our ability to meet the 
needs of people with PDDs. Early intervention is especially potent for many 
young children, but older children, adolescents, and adults can also experience 
a markedly improved quality of life through behavioral technology. One of the 
challenges facing the field is disseminating this technology as widely as possible 
to ensure that every young child who requires early intervention, and every 
older child and adult who needs longer-term education and training, has those 
resources available. Education dollars spent early in the life of a person with 
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a PDD can yield major benefits in both human and economic terms over a 
lifetime. 
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Accounts of adults with autism spectrum disorders (ASD) 

Despite the ever-increasing number of publications on the topic of autism, rela- 
tively little has been written about outcome in adulthood. Moreover, the accounts 
that are available can present a very confusing picture to families seeking to 
know what may become of their son or daughter as they grow older. On the 
one hand, the problems shown by adults with ASD often feature prominently in 
books or papers dealing with "challenging behaviors” (Clements & Zarkowska, 
2000). Lurid accounts of crimes committed by individuais with Asperger s syn- 
drome also appear from time to time in daily newspapers. In contrast, there are 
impressive personal narratives by people with autism spectrum disorders (ASDs) 
who have managed to cope admirably with many of the problems they have 
encountered throughout their lives (see for example autobiographical accounts 
by Gerland, 1997; Grandin, 1995; Holliday Willey, 1999, Lawson, 2002; Williams, 
1992, 1994). There are individual case reports, too, of individuais who, although 
impaired in many aspects of their functioning, show remarkable skill in certain 
specific areas, such as art, music, or numerical calculations (Hermelin, 2001). 

In fact, most people with ASD fali into none of these categories, but families 
are provided with very little guidance or information on what the future is likely 
to hold. Many come to dread the onset of adolescence, in particular, fearing that 
this is certain to bring increased difficulties and almost all parents have serious 
concerns about the ability of their son or daughter to cope when they are no 
longer there to care for them. 

Long-term research is costly and fraught with a host of problems but over 
the past few decades there has been a number of studies that have followed up 
individuais with ASD as they reach adolescence or adulthood. Drawing firm 
conclusions from this research is not easy because of the limited numbers of 
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studies involved, the small sample size and heterogeneity of subjects, and the 
variability of outcome measures. Nevertheless, the findings provide important 
information for individuais with autism and their families. 

The first descriptive studies 

In the mid to late 1950s there began to appear a number of studies on outcomes 
in children diagnosed as suífering from "childhood psychosis,” "early childhood 
schizophrenia,” or "infantile autism.” It is apparent from the descriptions in these 
reports that many of the cases involved showed the characteristic symptoms of 
autism. However, the heterogeneity of the groups, in terms of age, intellectual 
levei, diagnosis, and etiology, made the interpretation of outcome data extremely 
difficult. Thus, Victor Lotter (1978), reviewing a total of 25 follow-up studies of 
"psychotic children” concluded that the majority suffered from such serious flaws 
in research design (including inadequate diagnostic criteria, subjective report- 
ing, or very mixed subject groups) that "very little could be concluded about 
prognosis.” 

One of the earliest reports focusing on children who clearly met diagnostic 
criteria for autism was that of Leon Eisenberg, a child psychiatrist at Johns 
Hopkins Medicai School, in 1956. Although the account is largely anecdotal, 
with many cases still in their early teens when assessed, Eisenberg, like many 
subsequent authors, documented the wide variety of possible outcomes. Many 
of the individuais described remained very dependent but about one-third were 
found to have made "at least a moderate social adjustment,” despite the lack 
of any specialist provision or treatment available at that time. A minority had 
managed to achieve good independence, although even among this group social 
impairments remained apparent. As an illustration of this Eisenberg cited the 
case of one young man who, called upon to speak as a student leader at a soccer 
rally, announced (with undeniable accuracy) that his team was going to lose. 

Inaslightlylaterreportfrom Britain,MildredCreak(1963) described a hundred 
cases of "childhood psychosis.” Again the information is very anecdotal and 
because the figures do not distinguish clearly between adult and child cases the 
longer-term outcome remains unclear. Out of the total sample, 43 were living 
in institutional care, 40 remained at home, attending school or day centers, and 
17 were coping with mainstream schooling or employment. 

By far the most fascinating and detailed accounts of this period are those of 
Kanner, who like Eisenberg was a psychiatrist at Johns Hopkins. Kanner kept 
meticulous records of what happened to the children under his care and fol- 
lowed up many into their twenties and beyond (Kanner, 1973). He, too, noted 
the great variability in outcome, and stressed the importance of well-developed 
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communication skills and intellectual ability for a good prognosis. Individuais 
who remained mute had the least favorable outcome. The majority of this group 
remained highly dependent as they grew older, living either with their parents, 
in sheltered communities, in State institutions for people with learning disabili- 
ties, or in psychiatric hospitais. Among cases with better communication skills 
outcome was rather more positive. Just over half of this group were functioning 
relatively well, at home or in the community, although with varying degrees of 
support (Kanner & Eisenberg, 1956). 

Of special interest is Kanner's account of 96 individuais, first seen before 1953, 
and in their twenties and thirties when followed up (Kanner, 1973; Kanner & 
Eisenberg, 1956). Twelve cases were reported to have done remarkably well 
as they grew older, and as “mingling, working and maintaining themselves in 
society.”* Kanner also notes that in the majority of these cases "a remarkable 
change tookplace” around their mid teens. "Unlike most other autistic children 
they became uneasily aware of their peculiarities and began to make a conscious 
effort to do something about them.” In particular, they tried to improve their 
interactions with their peers, often using their obsessional preoccupations or 
special skills “to open a door for contact.” 

Among these more successful individuais, 11 had jobs (ranging ffom an 
accountant, a lab technician, and a meteorologist in the navy, to dish-washing 
and shelf-stacking) and one was still at college. However, jobs were often at a 
lower levei than the individuais' qualifications might have predicted. One young 
woman, who was training to be a nurse, failed because she would stick rigidly 
to the rules. Thus, having been told that 20 minutes was the usual time it took 
for breast-feeding, she would remove babies ffom their mothers' breasts if they 
exceeded this. She later succeeded as a hospital lab technician. Another indi¬ 
vidual, with a postgraduate degree in economics, was working as an accounts 
clerk because he could not cope with the managerial demands of a higher-level 
job. Yet another, with a degree in history, had a “blue-collar job” in a horticul- 
tural research station, and was much disappointed at his failure to work with 
"educated people.” 

Seven of the group had their own homes and one individual (who was also 
a successful music composer) was married with a child. The remainder lived 
with their parents. Although many belonged to social groups or clubs (involving 
singing, hiking, sport, transport, bridge, or the church) few had any close sexual 
relationships. Several explained this on grounds such as “women cost too much 


Two other cases are also noted. One, formerly attending college, could no longer be traced, and a “gifted 
student of mathematics” had been killed in an accident. 
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money” or that it would not be worthwhile to “waste money on a girl who isn’t 
serious.” 

Asperger's accounts 

Hans Asperger, a Viennese psychiatrist, also noted the very variable outcomes 
among the individuais he studied. The least favorable outcome was for those with 
learning disabilities in addition to their autism and Asperger commented that “the 
fate of the latter cases is often very sad.” For those more able individuais who did 
make progress, it was, again, often their special skills or interests that eventually 
led to social integration. Asperger described many individuais who had done 
remarkably well in later life, including a professor of astronomy, mathematicians, 
technologists, chemists, high-ranking civil servants, and an expert in heraldry 
Indeed, he went so far as to suggest that 

able autistic individuais can rise to eminent positions and perform with such outstanding 
success that one may even conclude that only such people are capable of certain achieve- 
ments. It is as if they had compensatory abilities to counterbalance their deficiencies. 
Their unswerving determination and penetrating intellectual powers . . . their narrow- 
ness and single mindedness . . . can be immensely valuable and lead to outstanding 
achievements in their chosen areas. 

(For an annotated translation of Aspergeks initial paper, see Frith, 1991.) 


Autobiographical writings 

Personal accounts, too, illustrate the mixture of success and difficulties encoun- 
tered by individuais with ASD. Donna Williams, who now makes an indepen- 
dent living as an author, was one of the first to write of the experience of having 
autism (1992, 1994) but her autobiography has since been followed by many 
others. Temple Grandin, who also has autism, is an animal psychologist, with an 
international reputation in the design of livestock handling facilities for farms, 
abattoirs, and zoos. Many of her designs have been developed ffom the "squeeze 
machines” that she first began to construct while she was at school (Grandin, 
1995; Sacks, 1993). Although she continues to have difficulties in understanding 
ordinary social relationships and feelings, describing herself, in many ways, like 
"an anthropologist on Mars” (Sacks, 1993), she has clearly come a long way frorn 
her confused, withdrawn, noncommunicating early childhood. Wendy Lawson 
was 42 years of age, and the mother of four children (some of whom also have 
an ASD) before she was diagnosed as having Asperger syndrome. Prior to this 
she had been diagnosed as "intellectually disabled” and then as schizophrenic, 
a diagnosis that persisted for over 25 years. Her books tell of how the correct 
diagnosis finally brought some understanding of, and help for her condition. 
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She went on to gain graduate and postgraduate degrees, and is now a successful 
writer and lecturer on autism. (cf. Lawson, 1998, 2002). A somewhat similar 
account of the isolation and difficulties that confront individuais with ASD if 
they are not correctly diagnosed has been published by Lianne Holliday Willey 
(1999, 2001). She has an academic career, specializing in psycholinguistics, but 
it was not until her youngest daughter was diagnosed as having Asperger 1 syn- 
drome that she realized that she, too, had the same characteristics. Another well- 
known autobiographical account is that of Gunilla Gerland (1997) while Clare 
Sainsbury, an Oxford graduate with a First in Philosophy and Politics (2000) has 
published an anthology of her own experiences, and those of other children 
with Aspergers syndrome as they attempt to cope with the many demands of 
school life. Although written by very different individuais, the common theme 
running through these books is the confusion and frustration, fear and anxiety 
they experienced in having to mix and fit in with their peers in school, college, 
and workplace, and their problems in coping with the demands of family life. 
The titles themselves tell their own story: Martian in the Playground; Life on the 
Outside; Life Behind Glass; Pretending to be Normal. 

There are numerous other accounts ofpersonal experiences of autism that can 
now be accessed via internet sites. Newsletters, such as those produced by self- 
help or support groups, also contain many first-hand accounts of the difficulties, 
tribulations, and achievements experienced by people with autism and Asperger 
syndrome. These include newsletters produced by Asperger United in the UK 
and Autism NetWork International. 

Autobiographical writings by people with ASD are, of course, fascinating 
because of what they reveal about the ways in which people with autism think 
and feel and understand. Nevertheless, although providing us with a rich source 
of information, these accounts give little indication of what happens to most 
individuais as they grow older. In order to investigate this, larger-scale and long- 
term follow-up studies are required. 

Early follow-up reports 

Initial studies of the outcome for children with autism were, as noted above, 
largely anecdotal and unsystematic. However, towards the end of the 1960s 
Michael Rutter and colleagues carried out a detailed follow-up study of 63 indi¬ 
viduais, initially diagnosed as autistic at the Maudsley Hospital in London in the 
1950s and early 1960s. Thirty-eight of the group were aged 16 years or over. Of 
these twowere still at school, but ofthe remainder only three hadpaidjobs. Over 
half were placed in long-stay hospitais, seven were still living with their parents, 
with no outside occupation, three were living in special communities, and four 
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attended day centers. Rutter notes that several individuais living at home or in 
a special community could have been capable of employment "at least in a shel- 
tered setting, had adequate training facilities been available.” General outcome 
for the adult cases in this study is not diíferentiated from that for the under 16s, 
but overall only 14% of the group was said to have made a good social adjust- 
ment. Nevertheless, most individuais tended to improve with age, and although 
there was a number of cases who showed a worsening in certain aspects of 
behavior over time “it was rare to see marked remissions and relapses as in adult 
psychotic illnesses.” No significant sex differences were found, although girls 
were somewhat less likely to fali either within the good or very poor groups. 
(For details, see Lockyer & Rutter, 1969, 1970; Rutter & Lockyer, 1967; Rutter 
etal, 1967). 

Although a number of other follow-up studies appeared around this time 
(Mittler et al, 1966; DeMyer et ai, 1973) most of the individuais involved 
were still in their early teens, so that they contain little information on later 
outcome and progress. The first study to look specifically at outcome in an 
older age group was that ofVictor Lotter (Lotter, 1974a, b). Twenty-nine young 
people between the ages of 16 and 18 years, who had been diagnosed as autistic 
when younger were assessed. In general, the findings were similar to those of 
Rutter and colleagues although many more children (24%) were still at school, 
reflecting improvements in educational provision over the previous decade (less 
than half of the children seen by Rutter had received as much as two years' 
schooling and many had never attended school at all). Nevertheless, among the 
22 individuais who had left school only one had a job. Almost half the sample 
were in long-stay hospital provision, two individuais were living at home, and 
five were attending day training centers. In terms of overall social adjustment, 
14% were described as having done well, although the majority was described as 
having a "poor” or "very poor” outcome. Overall, girls did less well, with none 
being rated as attaining either a good or fair outcome. 

Later follow-up studies 

Throughout the 1980s and 1990s there has been a number of follow-up studies 
or reports of adults with autism. However, because many of these have involved 
subjects who were still relatively young, or have focused more specifically on 
high-functioning individuais, the implications for older people within the wider 
autistic spectrum are somewhat limited. 

Chungetaí. (1990), for example, followedup 66 children attending a psychiatric 
clinic in Hong Kong, in the decade from 1976. As in other studies, the best 
outcome was found for cases who had developed speech before the age of five, 
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and who scored more highly on tests of intellectual and social functioning. 
However, as only nine cases were above 12 years old, the report provides no 
information about longer-term outcomes. 

There have been a number of follow-up studies conducted in Scandinavia, 
where social and psychiatric databases tend to be particularly well maintained. 
Gillberg’s Swedish group (Billstedt et al, 2004) have followed up 83 individu¬ 
ais aged 17 or over (mean age 25 years), with a childhood diagnosis of autistic 
disorder. Only three people were found to be fully self-supporting as adults. Of 
the remainder, around a quarter was described as functioning fairly well, but 
the majority (76%) had a "poor” or "very poor” outcome. Three individuais 
had died (one, possibly two, of status epilepticus, and one in a fire accident). 
IQ at initial diagnosis was one of the most important prognostic indicators. In 
some, but not all cases, the development of epilepsy around puberty seemed to 
result in a worse outcome. There was no difference in the outcomes for males 
and females. Another Swedish study, this time in the north of the country (von 
Knorring & Hãgglõf, 1993) examined functioning in 34 cases, with a mean age of 
around 19 years. Although details of social outcome are limited, one individual 
was described as having lost all autistic symptoms, 3 had only a few remaining 
symptoms, and 30 remained clearly autistic. In Denmark, Larsen and Mouridsen 
(1997) completed a 30-year follow-up of 18 individuais, 9 with autism and 9 with 
Asperger syndrome, all in their 30s or 40s. Cognitive leveis ranged ffom below 
50 to 85+. All had been admitted at some stage to adult psychiatric hospitais 
and two had died. Nevertheless, over 40% lived more or less independendy and 
four were, or had been, married. However, only three were in paid, indepen- 
dent employment, three attended sheltered workshops, five were on disability 
pensions, and the remainder attended day programs at their local psychiatric 
hospitais. 

In the United States, a telephone survey by Ballaban-Gil et al. (1996) found 
that among 45 adults, initially diagnosed as children, over half (53%) were in 
residential placements and only one was living independently. Eleven percent 
were in regular employment (all in menial jobs) and a further 16% were in 
sheltered placements. Rates of behavioral difficulties were high and only three 
adults were rated as having no social déficits. 

A much larger study of young adults with autism (170 male, 31 female), 
aged between 18 and 33, was conducted by Kobayashi and colleagues (1992) 
in Japan. Outcome was assessed by means of postal questionnaires to parents. 
The average follow-up period was 15 years, during which time four cases, all 
male, had died (from encephalopathy, age 6; head injury from severe self-injury, 
age 16; nephritic syndrome, age 20; and asthma, age 22). Almost half the group 
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were reported as having good or very good communication sküls, and over a 
quarter were described as having a good or very good outcome (i.e. able to 
live independently or semi-independently and succeeding at work or college). 
Women tended to have better language outcomes than men but there were no 
significant differences in social functioning between the sexes. 

Forty-three individuais were employed, with a further 11 still attending school 
or college. Jobs were mostly in the food and Service industries, but several 
individuais were described as having realized their "childhood dreams” ofbeing 
a bus-conductor, car mechanic, or cook. The highest levei of jobs obtained were 
by a physiotherapist, a civil servant, a printer and two office workers. All but 
three of those with jobs still lived with their parents, one was in a group home, 
and two had their own apartments; none was married. 

Approximately one-fifth of the sample had developed epilepsy (usually in 
their early teens) but this was well controlled in all but three cases. Generally the 
outcome for females was worse than for males. Although outcome in males was 
significantly correlated with early language abilities and intellectual functioning, 
these relationships were much weaker in females. Although, by virtue of its 
size, this remains a very informative study, reliance on questionnaire data, with 
little or no direct contact with the autistic individuais themselves, clearly raises 
problems. Parents’ ratings of how well their children are functioning may not 
always accurately reflect their true status. Moreover, diagnostic assessment of 
autism in the past has not always been entirely satisfactory, and hence some 
current confirmation of diagnosis is also required. 

In a more recent study carried out at the Maudsley Hospital in London (Howlin 
et aí., 2004) parents and individuais were all interviewed independently, diagnostic 
criteria were reconfirmed, and detailed assessments were carried out of language, 
cognitive, social, and academic functioning. Only individuais with a childhood 
IQ of at least 50 were included since it is now well established that below this 
levei outcome is almost certain to be limited. Sixty-eight people (61 male and 7 
female) were followed up between the ages of 21 and 48 years. As adults their 
average performance IQ was 75 (range 33-122). By follow-up seven individuais 
were living independently, or semi-independently, but a third were still with their 
parents, and half the group lived in sheltered communities, mostly specifically 
for people with autism; eight individuais were in long-stay hospital care. Despite 
the fact that one-fifth had obtained some formal qualifications before leaving 
school (five had attended college or university) employment leveis were generally 
disappointing. Only eight were in regular, paid employment and one was self- 
employed; 12 others worked on a supported/sheltered or voluntary basis. The 
remainder attended day or residential centers, where there was little scope for the 
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development of competitive work skills. In terms of social functioning, around a 
quarter of the group were described as having some friends, with 13 individuais 
having relationships that involved shared enjoyment or closer intimacy. One 
individual was married, although he later divorced, and two have married more 
recently. However, almost two-thirds had no friends at all. 

A composite rating of outcome, based on social interactions, levei ofindepen- 
dence, and occupational status, indicated that 15 individuais could be described 
as having a “good” or “very good” outcome. Most of these had some friends 
and either had a job or were undergoing training. Even if they still lived at home 
they had a relatively high levei of independence, being largely responsible for 
their own finances, buying their own clothes, or taking independent holidays. 
Thirteen remained moderately dependent on their families or other carers for 
support, and few in this group had any close friendships. Thirty-one people 
were in special residential units, which, by their very nature (most were geo- 
graphically very isolated), severely limited individual independence; outcome in 
all these individuais was considered “poor.” The eight individuais in long-term 
hospital care were all rated as having a "very poor” outcome. 


Follow-up studies of high-functioning people with autism and 
Asperger's syndrome 

In addition to these more general follow-up studies, some have focused more 
specifically on individuais with autism or Aspergefrs syndrome who have normal 
or near-normal intellectual ability. 

Rumsey and colleagues (Rumsey et al, 1985), in a very detailed study involv- 
ing a five-day inpatient assessment, followed up 14 young men aged between 
18 and 39 years of age, all of whom fulfilled DSM-III criteria for autism (Ameri¬ 
can Psychiatric Association, 1980). Several cases had initially been diagnosed by 
Kanner himself and as adults nine were described as "high-functioning,” with 
verbal IQs well within the normal range. In the "lower-functioning” group, three 
were of normal nonverbal IQ but had continuing language impairments; two 
were also mildly intellectually impaired. Socially, all the group continued to have 
marked difhculties. Most were described as “loners.” None was married or was 
thought to have contemplated this; only one had friends, mostly through his 
church (although he was described as "underinhibited” (not at all inhibited)) 
and a number, even amongst the intellectually more able group, were said still 
to show socially inappropriate behaviors. Half the group, including those who 
were high functioning, showed peculiar use of language, such as stereotyped 
and repetitive speech or talking to themselves. 
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Academically, those in the lower-functioning group had needed specialist 
education into late adolescence, but all had developedbasic reading, writing, and 
mathematical skills commensurate with their intellectual leveis. In the higher- 
ability group, only one had remained in specialist educational provision, five had 
completed high school, and two had attended junior college; several showed 
good ability in math and two in foreign languages. Nevertheless, assessment of 
social outcomes, as measured by the Vineland Social Maturity Scale, indicated 
that their scores here were often “strikingly” low in relation to IQ. Problems 
among the more able group were generally related to déficits in the areas of self- 
direction, socialization, and occupational achievements. Similar difficulties were 
found among those who were less able but they also had additional impairments 
in communication and independence of travei. 

In terms of independent living, six individuais in the more able group still 
lived with their parents and two were in supervised apartments; only one lived 
entirely alone. In the less able group nobody was living independently, three lived 
with their families, one was in a group home, and one in a State hospital. With 
the exception of one person who was unemployed, all the lower-ability group 
attended a sheltered workshop or special job program. Among the others, four 
were in employment (a janitor, a cab driver, a library assistant, and a key-punch 
operator); ofthe remainder, three were in special training or college courses, one 
was in a sheltered workshop, and one was unemployed. Even among those who 
had jobs, only two had found these independently - generally "parents played a 
major role in finding employers willing to give their sons a chance.” 

Szatmari and colleagues (1989a), working in Toronto, studied a group of 12 
males and 5 females aged 17 or over, with an average IQ of above 90. Educationally, 
half the group had received special schooling but the other half had attended 
college or university, with six obtaining a degree or equivalent qualification. Two 
were unemployed and four were in sheltered workshop schemes, three were still 
studying, one worked in the family business, and six were in regular, full-time 
employment. Of the latter, one was a librarian, another a physics tutor, two were 
salesmen with semi-managerial positions, one worked in a factory, and one was 
a library technician. Ten of the 16 cases still lived at home and one was in a 
group home, but five lived independently and a further three living at home 
were said by their parents to be completely independent. Only one individual 
was felt to need constant supervision at home, one required moderate care, 
and six required some minimal supervision. Socially, nine individuais had never 
had a sexual relationship with anyone of the opposite sex but a quarter of the 
group had dated regularly or had long-term relationships; one was married. In 
contrast with some other studies, little or no relationship was found between 
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early measures of language or social behavior and later functioning (early IQ 
data were not available). However, there was a high and significant correlation 
between current IQ and social functioning as measured by the Vineland. 

The authors are open about the problems related to the study, including 
the small sample size (compounded by a high refusal rate), and, because of 
the group's high IQ, a lack of representativeness for autistic individuais as a 
whole. Nevertheless they note that outcome is not necessarily as gloomy as 
many earlier studies had indicated. They conclude: "A small percentage of non- 
retarded autistic children ... can be expected to recover to a substantial degree. 
It may take years to occur, and the recovery may not always be complete, but 
substantial improvement does occur.” 

Another Canadian-based study (Venter et al., 1992) has also assessed later 
functioning in more able children. Fifty-eight children (35 males and 23 females) 
with an average full-scale IQ of 79 were given a detailed battery of tests and 
assessments and the results focus predominantly on intellectual and academic 
attainments rather than overall functioning. The authors note a marked improve¬ 
ment in children s academic attainments compared with the earlier follow-up 
studies carried out by Rutter and Bartakin the mid 1970s (Rutter & Bartak, 1973; 
Bartak & Rutter, 1973). Thus, even among the lower-functioning group, over 
half could read and do simple arithmetic, compared to about one-fifth in the 
studies conducted 20 years ago. 

Twenty-two individuais in the study were aged 18 or over; of these 6 were 
competitively employed and 13 were in sheltered employment or special training 
programs; only 3 had no occupation. Nevertheless, again, all those who were 
employed were in relatively low-level jobs and all but one had required special 
assistance in finding employment. Of the three individuais not involved in any 
adult program two were female, and all of the competitively employed people 
were male. No individual was married, and only two lived alone, one of these 
with considerable support ffom his mother. Four people lived in apartments 
with minimal supervision. 

In a further study based at the Maudsley Hospital (Mawhood et al., 2000) the 
outcome for 19 young men was studied in great detail, as part of a compar- 
ative follow-up study of individuais with autism and developmental language 
disorders. Individuais had initially been seen between the ages of 4 and 9 years 
and all had a nonverbal IQ within the normal range. At follow-up the aver¬ 
age performance IQ of the group remained well within the normal range and 
five individuais had attended college or university. Despite this they showed 
continuing problems in social relationships, and most remained very depen- 
dent. Only three individuais were living independently, one of these in sheltered 
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accommodation, three hadjobs (two ofthese under special arrangements), none 
had married, and only three were described as having dose friendships. Almost 
half the group were said never to have had any ffiends, and about one-third had 
"acquaintances” only Fifteen subjects had never had either a close ffiendship or 
a sexual relationship. Thirteen were still described as having moderate to severe 
behavioral difficulties, associated with obsessional or ritualistic tendencies. A 
composite rating of outcome, based on communication skills, friendships, leveis 
ofindependence, andbehavioral difficulties indicatedthat, overall, only3 subjects 
were considered to have a good outcome, 2 remained moderately impaired, and 
14 continued to show substantial impairments. 

There are also a number of cross-sectional studies, which, although lacking the 
advantage of data on functioningin childhood, do provide a detailed description 
of status in adult life. Tantam (1991), for example, has described outcome in 46 
individuais with Asperger syndrome, with an average age of 24 years. Despite 
being of normal intellectual ability, only two had had any education after school, 
and only four were in jobs. One individual was marriedbut most continued to live 
with their parents or in residential care. A somewhat similar group of 93 young 
adults was described by Newson and her colleagues in 1982. Diagnostic and IQ 
data on the sample are lacking, but overall more subjects than in TantanFs study 
had received further education, 22% were in jobs and 7% lived independently. Of 
this group, 15% were said to have had heterosexual relationships, although only 
one was married. Nevertheless, at an average age of 23, almost three-quarters 
still lived with their parents. 


What can studies of outcome in adult life tell us? 

A summary of studies that have examined outcome in adults with ASD is pre- 
sented in Table 9.1 . Comparisons between them must, of course, be treated with 
caution for a number of reasons. First, the data ffom the later studies are much 
more systematic and objective than those from earlier ones. Second, several of 
the more recent reports have concentrated on individuais of higher ability, and 
therefore a more favorable outcome would be expected. Nevertheless, there 
were many individuais in the earlier reports who were of relatively high intel¬ 
lectual ability, and indeed the average nonverbal IQ of subjects in the Rutter and 
Lotter studies fell just within the normal range (i.e. above 70). Similarly there 
were many subjects in the later investigations who were well below average 
intelligence. Third, overall judgments ofwhether outcome is "Good,” "Fair,” or 
"Poor” tend to be somewhat subjective, even if attempts are made to quantiíy 
what is meant by these terms. Finally, no doubt because of factors related to 
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Poor outcome In hospital care 


Figure 9.1 Adult outcomes in follow-up studies published pre and post 1980. E Average rating 
pre-1980, EAverage rating post-1980. 


the variability in subject selection and assessment, there continue to be quite 
marked differences between studies in outcome results. Thus "Good” ratings, 
for example, range ffom 0% to 38% and "Poor” ratings ffom 16% to over 80%. 

The proportions living independently also remain very variable. The best 
outcome was reported in the Canadian study of Szatmari and his co-workers, 
and although this may be partly understood because of the high ability of the 
subjects involved, it does not explain why the findings should be considerably 
better than for the British subjects in the Mawhood study, who were of very 
similar intellectual leveis. It may well be that cultural factors play an important 
role here, since schemes involving supported employment or semi-sheltered 
living are generally much better established in Canada and the USA than in 
Britain. The very small number of subjects living independently in the Japanese 
study is also likely to be related to cultural factors. 

Despite these qualifications, improvements do appear to be taking place. 
Figure 9.1 summarizes the results of studies conducted over the last two decades 
(1980-2001) with those appearing in the 1950s to 1970s, in terms of general 
outcome. Whereas the mean percentage of those rated as having a "Good” 
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outcome in follow-up studies conducted before 1980 was around 11%, over the 
following two decades the proportion had risen to almost 20%. "Poor” outcome 
ratings declined from an average of 65% to around 50% over the same period. 
“Fair” ratings remained around 25% to 30%. However, the proportions still 
living with their families, or in specialist residential provision, remains high, 
often around 30% or more. One particularly noticeable change has been in 
the frequency of admissions to long-stay hospital care. Around 40% to 50% of 
individuais in the earlier studies moved into such placements as adults, but there 
was a marked decline from the 1980s onwards, with the mean being around 
6% (and in many cases far less). Nevertheless, despite the general trend toward 
the closure of large residential institutions, for some individuais it has proved 
extremely difficult to find an alternative to hospital care. This is because their 
behavioral problems, and especially their lack of social understanding, greatly 
limit their ability to settle into community-based provision. 

Over the years there have been increases in the proportion of individuais with 
ASD ftnding employment, but numbers are still relatively low, with the aver¬ 
age percent in work in studies post-1980 being only around 20%. Even among 
reports with a focus on higher-functioning individuais the highest proportion 
reported in work is 47% (Szatmari et al., 1989a) and few studies report employ¬ 
ment rates above 30%. Moreover, the majority of job placements reported were 
menial and poorly paid, in positions such as kitchen hands, unskilled factory 
workers, or backroom supermarket staíf. In addition, jobs had often been pro- 
cured through the efforts or personal contacts of families rather than through 
the normal channels (Howlin et al., 2004). Employment stability, too, was poor, 
with many individuais experiencing lengthy periods without paid work. In the 
group studied by Howlin et al. (2004), for example, the average IQ in adult- 
hood was 75, with one third having performance IQs of 80 or above. Although 
around 20% had obtained formal qualifications (several had degrees or diplo¬ 
mas) only 8 were working independently, one was a self-employed fabric printer, 
12 worked on a supported/sheltered or voluntary basis, 2 worked for the fam- 
ily business, and 1 worked in a shop run by his residential center. One other 
man, previously employed in a factory, had been unemployed for some years. 
Even among those in higher-level jobs involving computing or accountancy, the 
levei at which they functioned was often lower than their educational attain- 
ments would have predicted. Only three or four individuais (a cartographer, 
a scientific analyst for an oil company, and two Computer programers) were 
employed at a levei fully appropriate to their qualifications. Those who were 
not employed attended general work/leisure programs within their day or 
residential units. If anything, employment prospects tended to worsen with 
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age and in a subsequent follow-up of the same group, some time after the ini- 
tial data had been collected Hutton (2004) found no increase in the numbers in 
independent work and three previously employed individuais were no longer 
working. 

Figures for independent living are also disappointing, although again there 
have been some improvements over time. Apart from the individuais described 
by Kanner in his follow-up, none of the studies conducted prior to 1980 mention 
subjects living independently In the post-1980 studies an average of around 12% 
had their own homes. 

The quality of interpersonal relationships, although a crucial aspect of adult 
life, has not been considered in detail in most follow-up studies. Few describe 
individuais who have married or who have children of their own although Howlin 
et al. (2004) and Mawhood et al. (2000) found that around 15-20% of their par- 
ticipants were described as having friendships that involved both selectivity and 
shared enjoyment. A quarter of the individuais studied by Szatmari had close 
friendships and over 40% had had some relationships with members of the oppo- 
site sex; heterosexual relationships were also reported by 15% of subjects studied 
by Newson and her colleagues. Moreover, it is important to remember that as 
autism is largely a genetic disorder, many parents of children with autism and 
AspergeTs syndrome are likely themselves to be undiagnosed individuais within 
the spectrum, who have clearly succeeded in maintaining close relationships and 
in bringing up families of their own. There are also now many personal accounts 
by or about married people with autism or AspergeTs syndrome, some involving 
several individuais within the same family (see for example Holliday Willey, 1999, 
2001; Lawson, 1998; Paradiz, 2002; Pyles, 2002; Slater Walker & Slater-Walker, 
2002). 

Factors related to outcome 

The variability in outcome among individuais with ASD has been noted since 
the very earliest follow-up studies of Eisenberg and Kanner (Eisenberg, 1956; 
Kanner & Eisenberg, 1956) and there have been many attempts to try to isolate 
the variables that best predict later functioning. 

Kanner, in his follow-up (1973), noted that lack of appropriate education was 
highly damaging and that admission into hospital care, rather than a school 
placement, was "tantamount to a death sentence.” Subsequent studies (e.g. 
Lockyer&Rutter, 1969,1970; Lotter, 1974a, b) also noted the associationbetween 
years of schooling and later outcome. The most positive outcomes are generally 
reported for individuais who have attended mainstream schools, but since this 
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is directly affected by pupils’ linguistic and cognitive leveis, the influence of 
schooling per se on long-term functioning remains obscure. 

The relationship between the severity of autistic symptomatology in early 
childhood and later outcome is also unclear. Rutter and colleagues (Lockyer & 
Rutter, 1969, 1970; Rutter & Lockyer, 1967) found no significam correlation 
between individual symptoms in childhood (other than lack of speech) and adult 
outcome, although there was a significam relationship with the total number of 
major symptoms rated. DeMyeretaí. (1973) also reported a relationship between 
overall severity of autistic symptoms and later progress. In contrast, Lord and 
Venter (1992) found no association between prognosis and total number of early 
symptoms as rated on the Autism Diagnostic Interview (ADI). Of greater pre- 
dictive value were the degree of language abnormality and the levei of disruption 
caused by stereotyped and repetitive behaviors. 

The possible impact of many other variables remains uncertain. In almost 
every follow-up study in which women have been involved outcome has been 
poorer for females than males. However, the number of women participants has 
generally been very small (many studies are exclusively male) and the differences 
found rarely reach significance; the tendency for females to be of lower IQ also 
complicates the issue (Lord & Schopler, 1985). In some studies, the presence of 
epilepsy has been associated with a poorer outcome but, again, epilepsy is more 
likely to occur in individuais with more severe cognitive impairments. Socioe- 
conomic factors and ratings of family adequacy were correlated with prognosis 
in some early studies, (DeMyer et al, 1973; Lotter, 1974a, b), but there is litde 
evidence of a direct causal relationship between an impoverished or disruptive 
family background and later outcome, although, as with any other condition, 
disruption at home may well result in an increase in problems generally. 

The two factors that have been consistently associated with later prognosis 
are early language development and IQ. Very few children who have not devel- 
oped some useful speech by the age of 5-6 years are reported to have a positive 
long-term outcome, although occasionally older children may develop relatively 
good communication skills. The relationship between adult outcome and cog¬ 
nitive ability in childhood has been noted in many follow-up studies (Gillberg & 
Steffenberg, 1987; Lockyer & Rutter, 1969, 1970; Lotter, 1974a, b). Thus, indi¬ 
viduais who were either untestable as children, or who had nonverbal IQ scores 
below 50 were almost invariably reported as remaining highly dependent. How¬ 
ever, more recent studies suggest that a minimum childhood IQ of 70 is necessary 
for a positive outcome in adulthood. Howlin et al. (2004) found that on virtually 
every adult measure (academic attainments, communication skills, reading and 
spelling, employment status, social independence) individuais with a childhood 
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IQ below 70 were significantly more impaired than those with an initial IQ of 
70+. Only one individual with an IQ between 50 and 69 obtained a "Good” 
outcome rating in adulthood. Nevertheless, even amongst the 45 individuais in 
this study with an initial IQ above 70, outcome was very mixed. Thus, although 
almost one third of this subgroup was rated as having a “good” or “very good” 
outcome, 22% were rated as only “Fair” and 44% obtained ratings of "poor” or 
"very poor”. Moreover, those individuais with an IQ above 100 did no better as 
a group than those with an IQ in the 70-99 range. Indeed several individuais in 
this lower range achieved considerably more highly as adults than many with a 
childhood IQ of above 100. 

It is clear that childhood performance onnonverbal tests ofintelligence, whilst 
being a relatively good predictor of outcome, is by no means perfect, and Lord 
and Bailey (2002) have proposed that childhood verbal IQ is a far more reliable 
indicator of later functioning. However, in the Howlin et al. study, although 
correlations between child and adult verbal IQ were highly significant there was 
a sizeable subgroup of individuais who, despite being unable to score at all on 
verbal tests when younger, subsequently made considerable improvements in 
this area. Over a third of individuais who were "untestable” on verbal measures 
initially, obtained a verbal IQ equivalent of at least 70 at follow-up and several 
of these children were subsequently rated as having a "Good” or “Very good” 
outcome as adults. In the case of other children, who were able to obtain a 
verbal IQ score when first assessed, the relationship with adult outcome was 
very variable. While a third of those who scored above 50 on verbal IQ tests as 
children obtained an outcome ratings of "Good” or “Very good” in adulthood; 
one third were rated as "Fair” and a further third as having a "Poor” or “Very poor” 
outcome. Even among the few children who scored above 70 on a verbal IQ test 
initially, less than halfwere rated as having a "Good”/“Very good” outcome as 
adults. Thus, again, although statistically there is a positive correlation between 
early verbal IQ and later prognosis, ffom an individual, clinicai perspective, this 
variable has only limited predictive value. 

Lord and Bailey (2002) also suggest that the presence of useful speech by the 
age of 5 years is highly predictive of later outcome. Certainly, for many young 
children it is much easier to obtain information of this kind than to obtain a 
verbal IQ score, although there may be some problems of recall if interviewing 
parents of older individuais. However, in the Howlin et al. study even this variable 
was only weakly associated with adult outcome. Over 40% of children who had 
little or no language when first diagnosed had subsequently developed useful 
language and the higher their linguistic leveis as adults the more likely were they 
to do well on a range of other outcome measures. Other research has pointed 
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to the impact that improvements in language may have on the developmental 
trajectory of children with autism (Szatmari, 2000) but as yet we have little 
information on what is associated with such improvement. 

To some extent it may prove easier to identify correlates of "Poor” outcome 
than the variables predictive of good prognosis. In the Howlin et al study, 
as already noted, most individuais with an initial performance IQ below 70 
remained highly dependent as adults. Moreover, no one with a childhood per¬ 
formance IQ below 70 and a verbal IQ below 30 achieved even a "Fair” rating 
in adulthood and only one individual with a performance IQ below 70 coupled 
with a verbal IQ below 50 did so. 

Identifying the reasons why some individuais make significant improvements 
in their general leveis of functioning over time, while others show little or no 
change has major implications for our understanding of autism and of the 
factors influencing the trajectory ffom child to adulthood. There is evidence 
that the ability to function adequately in adulthood life may depend as much 
on the degree of support offered (by families, educational, employment, and 
social Services) as much as basic intelligence (Lord & Venter, 1992; Mawhood & 
Howlin, 1999). It may also be, as Kanner postulated, that the presence of addi- 
tional skills or interests (such as specialized knowledge in particular areas, or 
competence in mathematics, music, or computing), which allow individuais 
to find their own niche in life, and thus enable them to be more easily inte- 
grated into society, is of great importance. Certainly, eccentric or unusual 
behaviors are more readily acceptable in individuais who demonstrate excep- 
tional skills in certain areas, than they are in those who have no such redeem- 
ing features. Thus, as Kanner, Eisenberg, and Rutter all proposed many years 
ago, adequate educational opportunities, and encouragement to develop skills 
that may lead to later acceptance, are crucial. Moreover, particularly for those 
who are more able, it would seem more profitable in the long term for educa¬ 
tional programs to concentrate on those areas in which the person with autism 
already demonstrates potential competence, rather than focusing on areas of 
déficit. 

Are there differences in outcome between individuais with autism 
and Asperger's syndrome? 

The issue of whether autism and Aspergeks syndrome are diíferent conditions 
(albeit part of the same spectrum of disorders) has been a source of continuing 
debate over recent years (cf. Klin et al, 2000; Schopler et al, 1998). There is also 
considerable disagreement about the validity of the diagnostic criteria used in 
DSM-IV and ICD-10 to distinguish between the two conditions (Kim et al, 2000; 
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Kugler, 1998; Leekam etal., 2000; Manjiviona & Prior, 1999). However, overall, 
there appears to be no consistent evidence that there are any major differences in 
rates of social, emotional, and psychiatric problems, current symptomatology, 
motor clumsiness or neuropsychological profiles between the two groups. There 
are also indications that any differences found in early childhood decrease with 
age (Gilchrist et al., 2001; Ozonoff et al., 2002; Szatmari et ai, 1995). Howlin 
(2003), for example, compared a group of 34 adults with autism of normal IQ 
who had shown early delays in language with 42 IQ-, age-, and gender-matched 
individuais who were reported to have had no such delays. Although, according 
to parental reports, there were some group differences in early symptomatology 
up to the age of 3 years no significant differences were reported on ADI algorithm 
scores, which are mostly based on behavior at 4 to 5 years. Current ADI scores 
were almost identical in the two groups, as were social outcome ratings and 
scores on tests of language comprehension and expression. Moreover, in both 
groups language abilities were well below chronological age levei, despite the 
fact that language development in Aspergeris syndrome is postulated as being 
essentially normal (DSM-IV). 


How great is the risk of deterioration in adulthood? 

The transition to adulthood can be a time of upheaval and difficulties for many 
young people and their families and in a number of long-term studies there have 
been accounts of an increase in disruptive behaviors in adolescence. Rutter et al. 
(1970), for example, noted that five young people (out of the sample of 64) had 
shown significant deterioration in their communication in adolescence, together 
with progressive inertia, and general cognitive decline. Three of these cases had 
also developed epilepsy. Gillberg and his colleagues (Billstedt et al., 2004) also 
found that 18% of individuais in their follow-up study exhibited marked deteri¬ 
oration in puberty and the majority of these never really recovered. The typical 
symptoms noted were increases in hyperactivity, aggressiveness, destructiveness 
and ritualistic behaviors, inertia, loss of language skills, and “slow intellectual 
decline.” Ballaban-Gil et al. (1996) noted that ratings of problem behaviors had 
increased in almost 50% of their adult sample, although the nature of these is 
not defined. Kobayashi et al. (1992) found that 31% of their group of 201 adults 
showed a worsening of symptoms, mainly after the age of 10 years, and Larsen 
and Mouridsen, (1997) reported that 5 of 18 high-IQ individuais with ASD had 
shown deterioration, mostly in late puberty. In both these latter studies the pat- 
tern of deterioration described was very similar to that outlined by Rutter et al. 
(1970) and Gillberg and Steffenberg (1987). 
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In one of the very few systematic investigations of deterioration over time, 
Hutton (1998) examined data on the emergence ofproblems in adulthood for 125 
individuais with autism and AspergeTs syndrome. Over a third were reported 
to have developed new behavioral or psychiatric difficulties including psychosis, 
obsessive-compulsive disorder, anxiety, depression, tics, social withdrawal, pho- 
bias, and aggression. Most people developed additional symptoms prior to the 
age of 30 and episodes of periodic disturbance, occurring at fairly regular and 
frequent intervals, was noted in eight individuais. The increase in problems of 
this nature was not associated with epilepsy, cognitive decline, or residential 
placement. Factors associated with a greater risk of deterioration were low ver¬ 
bal IQ in childhood and long-stay hospital placement; women were also more 
likely to show an increase in problems than men. 

Although it is clear that some individuais with ASD do show an increase in 
problems as they grow older it is also important to note that, in many stud- 
ies tracing progress ffom child- to adulthood, the overriding picture is one of 
improvement over time. This was reported in the early follow-up studies of Rutter 
and his group, and by Kanner, who noted that for some individuais, particularly 
those who become more aware of their difficulties, mid adolescence was offen a 
period of "remarkable improvement and change” (Kanner, 1973). Over 40% of 
the individuais in the Kobayashi et al (1992) study were rated as showing marked 
improvement, and Billstedt et al. (2004) noted that 38% of their sample had a 
remarkably problem-free adolescent period. Mawhood and her colleagues (2000) 
in their follow-up of young men with autism into their mid-to-late twenties found 
that verbal ability on formal IQ tests had increased significantly since childhood, 
and in terms of general social competence almost one third of the group had 
moved ffom a rating of “Poor” functioning as children to a "Good” rating as 
adults. Even in the Ballaban-Gil study (1996) where increases in ratings of behav¬ 
ioral disturbance were higher than in other groups, 16% hadimproved, and 35% 
showed no evidence of deterioration. Many other studies, both retrospective 
and prospective, suggest that change over time is more likely to be positive, 
rather than negative with scores on standardized assessments such as the ADI 
and Autism Diagnostic Observation Schedule indicating a decline in the severity 
and ffequency of autistic symptoms with age (Gilchrist et al, 2001; Howlin, 2003; 
Piven et al, 1996; Seltzer et al, 2003). Improvements have also been reported in 
groups of individuais with severe learning disabilities in addition to their autism 
(Beadle-Brown et al, 2000) 

In summary, while it is evident that skills may be lost or problem behav- 
iors increase in adolescence or early adulthood, it is also essential to get the 
picture into perspective. Conclusions about “improvement” or "deterioration” 
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may depend on the particular measures used, and whereas individuais may fail 
to make progress in certain areas (for example, in the ability to form close friend- 
ships), other skills, notably those related to communication, may show positive 
and significant change. The number of adults who show marked deterioration 
in all aspects of their functioning is, fortunately, relatively small and significant 
regression appears to be the exception, not the rule 


Psychiatric disturbances in adulthood 

It is hardly surprising, given the many difficulties that they have to deal with in 
their daily lives, that many individuais with autistic disorders experience men¬ 
tal health problems as they grow older. However, the nature of the association 
between autism and other disorders, particularly schizophrenia, is often misun- 
derstood. 

Autism and schizophrenia 

Kanner himself initially considered that autism was an early manifestation of 
schizophrenia, writing in 1949: “I do not believe that there is any likelihood 
that early infantile autism will at any future time have to be separated from the 
schizophrenias.” His view was supportedby many other psychiatrists at the time, 
and indeed the suggestion that there is a link between autism and schizophrenia 
or schizoid-type disorders has persisted for many decades (cf. Wolíf, 1991; Wolff & 
Chick, 1980; Wolff & McGuire, 1995). However, workby Rutter (1972) and Wing 
(1981) has documented the many crucial differences between the two conditions 
and there is no evidence to suggest that individuais with ASD have an increased 
risk of developing schizophrenia in adult life. 

Although there have been a number ofindividual case reports of schizophrenic 
illness in individuais with ASD (Clarke et al. 1989; Petty et al ., 1984; Sverd 
et al, 1993; Szatmari et al, 1989b; Wolff & McGuire; 1995) Larger-scale studies 
have failed to find any evidence of increased rates of schizophrenia (Chung et al., 
1990; Ghaziuddin et al, 1998). None of the cases followed up by Kanner over 
a period of 40 years was reported as showing positive psychotic symptoms (i.e. 
delusions or hallucinations) and Volkmar and Cohen (1991) found only one indi¬ 
vidual with an unequivocal diagnosis of schizophrenia in a sample of 163 cases. 
Similarly, Gillberg and colleagues (Billstedt etal, 2004) report on one case with a 
diagnosis of schizophrenia in their follow-up of 83 people diagnosed with autistic 
disorder. Schizophrenia also appears to be relatively uncommon among more 
able individuais or those with Aspergeks syndrome. Asperger (1944) noted that 
only 1 out of his 200 cases developed schizophrenia and Wing (1981), in a study 
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of 18 individuais with Aspergehs syndrome, describes one with an unconfirmed 
diagnosis of schizophrenia. Rumsey et al. (1985), in their detailed psychiatric 
study, found no evidence of schizophrenia. None of the relatively able subjects 
in the studies of Mawhood et al. (2000) or Howlin et al. (2004) had developed a 
schizophrenic illness, and only one individual in a similar group studied by Szat- 
mari et al. (1989b) had been treated for chronic schizophrenia. Tantam (1991) 
diagnosed 3 cases of schizophrenia amongst 83 individuais with Aspergebs syn¬ 
drome, but these were all psychiatric referrals. 

Volkmar and Cohen (1991) have suggested that the ífequency of schizophrenia 
in individuais with autism is around 0.6% (roughly comparable to that in the 
general population) and that: “it does not appear that the two conditions are 
more commonly observed together than would be expected on a chance basis.” 
Similar conclusions are reached in the more recent overviews by Lainhart (1999) 
and Howlin et al. (2004). Thus, although some studies have suggested that there 
may be "an excess of schizophrenia in later life,” particularly among individuais 
with Aspergebs syndrome (Wolff & McGuire, 1995) there is little evidence for 
such claims, which Wing (1981) has criticized as being “distressingwithoutbeing 
constructive.” 

Affective disorders 

In contrast to the relatively small number of cases with a formal diagnosis of 
schizophrenia, there are very many more case reports ofindividuals with affective 
disorders. As early as 1970, Rutter noted the risk of depressive episodes occurring 
in adolescents or older individuais with autism and subsequent reviews have 
reported a high ífequency of affective disorders both among individuais with 
autism (Lainhart & Folstein, 1994) and within their families (Bolton et al, 1998; 
Smalley et al, 1995). Abramson and colleagues (1992) suggest that around one 
third of people with autism suffer ffom affective disorders, and high rates of 
depression are found among high-functioning individuais, as well as those of 
lower ability. Tantam (1991), inhis study of85 adults with Aspergers syndrome, 
noted that 2% had a depressive psychosis and 5% had a bipolar disorder. A 
further 13% suffered from nonpsychotic depression and/or anxiety. In the study 
by Rumsey et al (1985) of 14 relatively high-functioning individuais, generalized 
anxiety problems were found in half the sample. Similar figures were reported 
by Wing (1981) who found that around a quarter of her group of 18 individuais 
with AspergeLs syndrome showed signs of an affective disorder. Bipolar affective 
disorders, or mania without depression tend to be reported less frequently than 
depression alone, although Wozniak et al (1997) found that up to 21% of their 
autism/PDD sample had been diagnosed as having mania. 


292 Autism and Pervasive Developmental Disorders 


Other psychotic conditions 

Although the occurrence of first-rank schizophrenic symptoms is relatively 
unusual, there are reports of individuais who show isolated psychotic symptoms, 
including delusional thoughts. Tantam (1991) suggests that the delusional con- 
tent is often linked with autistic-type preoccupations. For example, one young 
man described by Lorna Wing (1981) could not be deterred ífom his conviction 
that some day Batman was going to come and take him away as his assistant. 
Ghaziuddin and colleagues (1992) describe another who was unduly concerned 
about the ozone layer and believed the air in Michigan was not pure enough 
to breathe. One patient of the author s was threatening to take revenge on the 
US President and the UK Prime Minister because he believed the American and 
British air control authorities had conspired to prevent him ífom qualifying as an 
airline pilot. Another young man had, since childhood, had “voices” to whom he 
could talk when he was particularly angry or upset. He believed firmly that the 
voices were real but they did not provoke any distress or make him do things that 
he did not wish to do. Instead they appeared to oífer him a means of working 
through difficult situations, and if he became particularly agitated his parents 
would send him off to “talk to his voices.” 

A number of other authors have described cases of delusional disorder, var- 
ious unspecified psychoses (occasionally associated with epilepsy), paranoid 
ideation, catatonia, andhallucinations(Clarkeetaí., 1989; Ghaziuddin et aí., 1992; 
Tantam, 1991, 2000; Rumsey et ai., 1985; Szatmari et ai, 1989b; Wing & Shah, 
2000). Obsessive-compulsive disorders have also been reported although it can 
often prove very difficult to distinguish between these and the ritualistic and 
stereotyped behaviors that are characteristic of autism. Thus, in their study of 
more able individuais, Szatmari et al. (1989b) caution: "We found it very diffi¬ 
cult ... to distinguish between obsessive ideation and the bizarre preoccupations 
so commonly seen in autistic individuais.” 

Case studies of psychiatric disorder among individuais with autistic 
spectrum disorders 

Because data on mental health problems in autism are based on clinicai case 
reports or small group studies there are no systematic studies of incidence and 
estimates of the frequency of comorbid psychiatric disorders vary from 4% to 
58% (Lainhart, 1999). A systematic search for case reports of psychiatric dis¬ 
order in individuais with autism resulted in 35 different studies involving 200 
patients aged 16 years and older. Eighty-six cases were diagnosed with autism 
or PDD; 114 were described as having Asperger s syndrome or were within the 
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Figure 9.2 Psychiatric diagnoses reported in individuais with autism and those with Asperger 
syndrome or high functioning autism. B HF A/Asp (n= 114), d Aut/PDD (n = 86). 


high-functioning range of the autistic spectrum. As is apparent from Figure 9.2, 
by far the most ffequent psychiatric diagnoses given (in 55% of cases) related to 
depression or anxiety disorders (including major and minor depression, mood 
disorders or bipolar aífective disorder, depression + anxiety, severe social with- 
drawal, and attempted suicide). Mania alone occurred much less ffequently, in 
only 2% of the total. The relatively high number of cases of catatonia reported 
largely reflects the special interest in this disorder of Lorna Wing and her col- 
leagues. This also illustrates how case reports cannot be used to determine the 
prevalence of psychiatric illness since the researchers’ particular areas of exper- 
tise or interest will lead to systematic bias in the types of cases seen. However, the 
figure does provide a rough guide to the relative frequency of different disorders, 
and data from this and other reviews consistently suggest that schizophrenia is 
relatively infrequent. The development of symptoms related to depressive and 
anxiety disorders, on the other hand, appears to be a significant risk for people 
with autism as they grow older. 

Are higher-functioning individuais at greater risk of psychiatric disturbance? 

It is often suggested that the risk of psychiatric disturbance, especially related to 
depression and anxiety, is particularly high among more able individuais with 
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autism or those with Aspergers syndrome. There are several reasons for this view. 
First, because of these individuais' relatively good cognitive ability and apparently 
competent use of language, they frequently fail to receive the levei of support 
they need. Second, despite their superficially good expressive skills, many have 
extensive linguistic and comprehension difficulties (especially involving abstract 
or complex concepts) and their understanding of the more subtle aspects of social 
interaction is often profoundly limited. Such déficits frequently prove an almost 
insurmountable barrier to full social integration. Third, others’ expectations of 
their social and academic potentials are often unrealistically high and there may 
be constant pressure for them to "fit in” to "normal society” Finally, their own 
awareness of their difficulties and the extent to which they are isolated ffom 
others can result in great sadness and very low self-esteem. All these factors can 
place enormous pressures on the individuais concerned, and sometimes result 
in intolerable leveis of anxiety and stress. Nevertheless, there is little evidence 
of differential rates of mental health problems among subgroups within the 
autistic spectrum. On the whole, the findings frorn the case studies summarized 
in Figure 9.2 did not indicate a higher-incidence of such problems in higher- 
functioning compared to less-able individuais; and, although the former group 
were somewhat more likely to be diagnosed as having mania or anxiety disorders, 
this may be because it is much more difficult to diagnose these conditions in 
individuais who have little ability to describe their moods and feelings effectively 
(Sturmey, 1998). In their cases the problems may simply be labeled as unspecified 
"mood disorders.” However, many of the clinicai case studies reviewed did not 
distinguish clearly between high-functioning and low-functioning individuais, or 
between those with autism or Asperger's syndrome. Even if separate categories 
were used, diagnostic criteria were rarely specified, and very few reports provided 
information onthe IQ leveis ofthe individuais concerned. Szatmari etal. (1989b), 
in one of the few well-controlled studies in this area, failed to find any marked 
differences in rates of psychiatric disturbance between adults with a diagnosis 
of Asperger's syndrome and those with high-functioning autism although the 
autism group tended to show more bizarre preoccupations. 

In summary, crucial data on the prevalence and nature of mental health prob¬ 
lems across the autistic spectrum are still lacking and there is a particular need 
for epidemiological studies in this area. None of the studies reported above are 
based on representative samples, and the resulting estimates of the prevalence 
of psychiatric disturbance mustbe treated with caution. The difficulties inherent 
in making a valid diagnosis of psychosis in people with autism are also con- 
siderable. Impoverished language (Howlin, 1996), literal interpretation of ques- 
tions (Wing, 1981), concrete thinking (Dykens et ah, 1991), and obsessionality 
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(Volkmar & Cohen, 1991) can all give rise to misunderstandings, leading to pos- 
sible misdiagnosis, even in the cases of relatively able individuais. For those with 
little orno speech, the risks ofan incorrect diagnosis (or failure to diagnose when 
problems do exist) are even higher. 

Other disorders 

Touretteh syndrome is another disorder that has been linked with autism (Baron- 
Cohen et al., 1999a,b; Ringman & Jankovic, 2000). However, there can be great 
difficulty in reliably distinguishing the involuntary movements associated with 
tic disorders with the stereotyped motor movements that characterize autism; 
comorbidity findings vary markedly. In the follow-up study of Howlin et al. 
(2004), for example, no one was diagnosed as having a tic disorder, whereas 23% 
of the individuais followed up by Billstedt et al. (2004) were reported to suffer 
ffom motor tics, and one woman had a severe case of Tourette's syndrome. 

Epilepsy 

As noted in the earliest descriptions of autism (Kanner, 1971; Lotter, 1966; Rutter, 
1970) epilepsy is a further complicating factor and occurs in around 25-30% of 
cases (Lord & Bailey, 2002). The risk of developing fits appears to be higher 
among those who are profoundly retarded, but there does not seem to be a 
marked diíference between groups of normal IQ and those with mild-moderate 
retardation. Eleven (16%) of the adults with an IQ of 50 or above assessed by 
Howlin et al. (2004) had had at least one fit. In four of these cases IQ was between 
50 and 69; in seven IQ was in the normal range. Occasionally the onset of epilepsy 
is associated with marked behavioral changes and regression in adolescence (see 
below) although this is by no means always the case. 

Suicide and other causes of death 

Recent research suggests that death rates may be higher in individuais with ASDs 
than in the population as a whole. Isager and colleagues (1999) followed 207 cases 
with autism or autism-like conditions over a 24-year period and found that seven 
individuais had died, giving a crude mortality rate of 3.4%, approximately double 
the expected rate. Mortality was highest in those with severe-profound learning 
disabilities, or those of higher intelligence. In the former group (n = 4), all of 
whom were in residential institutions, two deaths were attributed to choking 
while unsupervised, one to pneumonia and one to meningitis. In the more able 
group(n = 3),wholivedeitherindependentlyorwithparents, one deathfollowed 
an epileptic attack and two were due to drug overdoses (one deliberate, the 
other probably accidental). The largest single study of mortality rates (Shavelle 
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et al, 2001), based on over 13 000 individuais with autism registered on the 
Califórnia Department of Developmental Services database, concluded that, 
"on average ... mortality was more than double that of the general population.” 
In individuais with mild mental retardation or those of normal IQ, deaths ffom 
seizures, nervous system dysfunction, drowning, and suífocation were three 
times more common than in nondisabled Controls. Among individuais with 
more severe mental retardation there was a threefold increase in deaths ffom 
all causes (other than câncer). Occasional deaths, due to a range of different 
causes, have been reported, too, in long-term follow-up studies (Lotter, 1978). 
Causes of death include car accidents (Kanner, 1973; Larsen & Mouridsen, 1997), 
encephalopathy, self-injury, nephritic syndrome and asthma (Kobayashi et al, 
1992), unrecognized volvulus (in a woman in a long-term psychiatric institution; 
Larsen & Mouridsen, 1997), status epilepticus (Howlin et al, 2004), and cases of 
drowning, pneumonia, and complications arising ffom long-term psychotropic 
medication (Ballaban-Gil et al, 1996). 

Suicide as a cause of death has also been noted in a number of follow-up 
studies. Among the "schizoid” individuais (several of whom appeared to meet 
criteria for Aspergebs syndrome) studied by Wolff and McGuire ( 1995), 10 out of 
17womenand 17 out of32 men had attempted suicide. Tantam(1991) described 
the case of one man who threw himself into the river Thames because the Gov¬ 
ernment refused to abolish British Summer Time and he believed that watches 
were damaged by the necessity ofbeing altered twice a year. In Wing’s group of 18 
individuais with Asperger s syndrome, 3 had attempted suicide although, fortu- 
nately, their attempts had not been successful. One young man, who had become 
very distressed by minor changes in his work routine, tried to drown himself but 
failed because he was a good swimmer. When he tried to strangle himself the 
attempt also failed because, as he said, "I am not a very practical person.” 

Nordin and Gillberg (1998) have suggested that higher death rates of indi¬ 
viduais with ASDs may be due to the association of autism with severe mental 
retardation and epilepsy. However, the examples cited above indicate that many 
other causes are also operating. Although the number of deaths related to the 
inadequate medicai and physical care of individuais living in institutions is a par¬ 
ticular cause of concern, it is evident that better understanding of the difificulties 
that lead some young people to attempt suicide could also avoid unnecessary 
loss of life. 


Is there a link between autism and criminality? 

Although there is little evidence of any significant association between autism 
and criminal oífending, occasional and sometimes lurid publicity has led to 
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suggestions that there may be an excess of violent crimes among more able 
people with autism, particularly those diagnosed as having Aspergehs syndrome. 
Certainly tragic events do sometimes occur. In 2001, for example, a London 
newspaper reported the case of a 7-year-old boy with Aspergebs syndrome who 
had killed his 6-month-old brother, stabbing him 17 times and cutting o ff his left 
hand. He had then gone to the police to inform them ofwhat he had done. The 
first his mother (who had been at home all the while) knew was when the police 
arrived at the house. 

A number of reports of criminal offending has also appeared in the academic 
literature ffom time to time. In her original account of 34 people with Aspergebs 
syndrome, Lorna Wing describes the case of one individual who had injured 
another boy, apparently because of his obsession with Chemical experiments 
(Wing, 1981). Mawson and colleagues (1985) report on a 44-year-old man with 
Asperger s syndrome who was committed to Broadmoor Special Hospital after 
attacking a baby. This followed a series of other attacks, including stabbing, on 
young women or children, which had begun in his teens. The attacks seemed to 
be related to his obsession with getting a girlffiend, his dislike of certain styles 
of dress, and his dislike of the noise of crying. He also had a fascination with 
poisons. Simon Baron-Cohen (1988) describes the strange case of a 21-year-old 
man who had, over a period of several years, violently assaulted his 71-year-old 
"girlfriend.” Chesterman and Rutter (1994) describe a young man with Asperger's 
syndrome who had been charged with a number of sexual oífenses. However, 
these seemed to relate mainly to his obsession with washing machines and 
womens nightdresses. The case was complicated by the fact that he struck the 
interviewing police officer when it was suggested that he might also have been 
contemplating burglary; as far as he was concerned "he was merely intending 
to make use of the occupanfs washing machine.” 

Everall and Le Couteur (1990) describe a case of fire-setting in an adolescent 
boy with Aspergehs syndrome, and Tantam (1991) notes five cases of fire-setting, 
four of which occurred when other people were in the building. Tantam also 
cites another case in which someone had killed his schoolmate “probably as an 
experiment.” Nevertheless, he also adds that violence, in a fight, in an explosion of 
rage, or in sexual excitement is rare. Among the men with Aspergehs syndrome 
he studied, sexual offending, too, was unusual, although some got into trouble 
for indecent exposure. Property oífenses were also rare except as the “side-effects 
of the pursuit of a special interest.” 

There is a number of other, largely anecdotal reports of offending by people 
with autism or Aspergehs syndrome. Inappropriate social responses, especially 
to strangers, may result in police involvement, and crimes may also be linked to 
obsessionalinterests. Because ofthis, offending may wellbe ofan unusual or even 


298 Autism and Pervasive Developmental Disorders 


bizarre nature, such as attempting to drive away an unattended railway engine 
because of an obsession with trains, or causing explosions and fires because of 
an obsessional interest in Chemical reactions (Wing, 1986). 

Estimates of offending by people with autism or Asperger's syndrome 

On the basis of their single-case report, Mawson and colleagues suggest that many 
people who come to the attention of secure units because of violent offenses 
may have Aspergebs syndrome. In fact, evidence in support of such a statement 
is extremely limited. Scragg and Shah (1994) assessed the entire male population 
of Broadmoor Special Hospital, using case notes to identify possible autistic 
cases. They identified three cases with autism (using personal interviews and the 
Handicap, Behavior, and Skills schedule of Wing and Gould, 1978) and six with 
Aspergebs syndrome. From a total of 392 patients this represented a prevalence 
rate of just over 2%, clearly a much higher figure than the rates for autism 
or Asperger’s syndrome in the general population. The offenses committed 
included violence orthreats ofviolence (five cases), unlawful killing (three cases, 
including one of matricide), and fire-setting (one case). Solitariness or lack of 
empathy was noted in each case. Six of the cases had a fascination for topics 
such as poisons, weapons, murder books, or combat. Because the prevalence of 
Aspergebs syndrome in this special hospital setting was higher than predicted. 
Scragg and Shah also conclude that there is an association between AspergeTs 
syndrome and violence. Nevertheless, as Ghaziuddin and his colleagues point 
out, the number of reports of violence or offenses by people with autism or 
Aspergeks syndrome is actually very small. In their review of offending by people 
with Asperger s syndrome (Ghaziuddin et al, 1992) only 3 out of a total of 132 
cases had a clear history of violent behavior (these are the cases described by 
Wing, 1981; Baron-Cohen, 1988, and Mawson et al, 1985 as noted above). The 
low incidence of violence found by Ghaziuddin is compared with a rate of 7% 
of violent crimes (rape, robbery, and assault) in the 20 to 44-year age group in 
the USA (US Bureau ofjustice Statistics, 1987). 

As Scragg and Shah (1994) suggest, there may well be more people with 
autism in prisons or secure accommodation than is realized, and it is clearly 
important that such individuais are correctly identified and treated. However, 
estimates of the prevalence of violence in this group can only be made on the 
basis of community studies. Until then, speculation on the alleged links between 
violence and autism or AspergeTs syndrome is only likely to increase the stigma 
and distress of people with ASD and their families. Currently there is no reason 
to suppose that people with autism are more prone to committing offenses than 
anyone else; indeed, because of the very rigid way in which many tend to keep 


299 The outcome in adult life for people with ASD 


to rules and regulations, they may well be more law-abiding than the general 
population. 

Causes of offending 

Although it has been suggested that lack of empathy may be a significant factor in 
violent attacks by people with autism or Aspergeks syndrome, other significant 
variables include their lack of social understanding, the pursuit of obsessional 
interests, and a failure to recognize the implications of their behavior, either for 
themselves or others. Rigid adherence to rules may also give rise to problems. 
Occasionally, too, crimes may be unwittingly, or unwillingly, committed at the 
instigation of others. Very often, of course, a combination of these factors is 
involved, but only rarely does there appear to be deliberate intention to hurt or 
harm others 


How far can early interventions affect outcome in adult life? 

Parents of young children with autism are faced by bewildering and often con- 
flicting claims about the merits of different interventions. Among the treatments 
said to have a dramatic impact on outcome are Holding Therapy (Welch, 1988), 
scotopic sensitivity training(Irlen, 1995), sensory integration (Ayres, 1979), audi- 
tory integration (Stehli, 1992), drug and vitamin treatments (Rimland, 1994a, b), 
music therapy (Alvin & Warwick, 1991), facilitated communication (Biklen, 
1990), and intensive behavioral programs (Lovaas, 1987; McEachin et aí, 1993). 

Unfortunately, on the whole, the more extravagant the promises the more 
limited are the data on which they are based. Moreover, even when there is evi- 
dence of short-term gains, reliable information on the impact on adult outcome 
is generally non-existent. So far there is no evidence of any cures for autism, 
any more than there is for other chromosomal or genetically determined condi- 
tions, such as fragile X or Downs syndromes. The fact that many individuais now 
attend mainstream schools, find jobs, get married, or have children of their own 
does not mean that they are cured, nor that the treatment advocated has been 
responsible for their progress. Many individuais of high IQ do well despite totally 
inadequate provision, and to a great extent eventual outcome is dependent on 
innate cognitive, linguistic, and social abilities. Nevertheless, although there is 
little evidence to suggest that long-term outcome can be dramatically improved 
following the implementation of any particular therapy (Howlin, 2004), this does 
not mean that appropriate intervention and education in the earliest years have 
no positive effects. Appropriate intervention in childhood can make all the dif- 
ference in helping to minimize or avoid secondary behavioral problems, and can 
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have a significant impact on ensuring that children develop their innate abilities 
to the fullest extern possible. However, autism is a lifelong condition and there 
are many more adults with autism in this world than there are children. Current 
attempts to improve access to high-quality preschool programs should not be at 
the expense of interventions for older children, adolescents, and adults. 

Conclusion 

Follow-up studies of adults with ASD suggest that although intrinsic factors such 
as high IQ and goodlanguage abilities are important for outcome, these alone are 
not enough to ensure a positive outcome. Externai factors, including appropriate 
junior and secondary school provision, improved transitional programs for entry 
into college and supported employment schemes are also crucial. A recent study 
by Alcock and Howlin (2004), for example, has shown how employment success 
rates can be significantly improved and maintained in the long-term by means 
of specialist employment Services; the success of such programs has also been 
reported by Keel et al, (1997) and Smith et al. (1995). Much greater financial, 
practical, and social support is also required in order to extend the current 
very limited facilities for individuais requiring independent or semi-independent 
residential provision. 

It is clear that many individuais with ASD, although continuing to be affected 
by their condition, autism, can find work, live independently, and maintain close 
relationships with others. However, such achievements do not come easily. While 
some individuais have access to specialist support schemes, in many cases jobs 
are often found only with the support of families; and opportunities to live 
independently depend heavily on local provision, and often, too, on parental 
determination and persistence. A common fear among so many adults, even 
those who on the surface seem to be very high functioning, is "What am I going 
to do when my parents are no longer around?” Many parents, too, express deep 
distress at not knowing what will happen to their sons or daughters when they 
die or become too ill to offer practical help. Although there can be no doubt 
that the future for most people with ASD now appears far less bleak than was 
once assumed, ultimately the extern to which they can succeed will be heavily 
dependent on the support systems to which they have access. Improving access 
to such provision is the major challenge for the decade to come. 
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Introduction 

There are two current impediments for genetic and neuroscience research in 
autism. First, there is no standard comprehensive model of the brain circuits 
and neurochemistry regulating human social behaviors (Beer & Ochsner, 2006). 
Second, there is as yet no mapping of gene to brain function to phenotypic 
expression for component skills of human social behavior (Insel & Fernald, 2004; 
Panksepp, 2006). Although a complete neural ff ameworkfor the range ofhuman 
social skills does not yet exist, research in social neuroscience has led researchers 
and theorists to construct models of the brain bases of social skills (Adolphs, 
2002; Allman et ai, 2002; Brothers, 2002; Davidson & Irwin, 2002; Erikson & 
Shulkin, 2003; Harmon-Jones, 2003; LaBar &Cabeza, 2006; Matthews etal., 2002; 
Meltzoff & Prinz, 2002; Panksepp, 2006; Porges, 2003; Posamentier & Abdi, 2003; 
Raichle, 2003; Rapcsak, 2003; Reichetflí., 2003; Rolls, 1999; RoyzmanetaL, 2003; 
Singer et ah, 2004). Moreover, although there is no gene-brain-phenotype map 
for social behaviors, social neuroscience research models do suggest possible 
links between brain circuits and endophenotype component skills for complex 
social behavior. 

This chapter constructs a component model of the brain bases of social skill 
ffom current social neuroscience findings. Three questions are addressed: 

(1) To what extent are human social behaviors innately determined? 
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(2) What brain circuits and component skills for complex social behavior have been 
proposed? 

(3) What do these proposed brain circuits and component skills for complex social 
behavior tell us about the components of the diagnostic phenotype of autism? 

In addressing these questions we argue for two claims. First, we claim that 
social neuroscience research suggests a component model of six neurally distinct 
evolved domains of human social behaviors: 

(1) mammalian social bonding governed by steroid-peptide interactions in the HPA 
axis; 

(2) imitative social motor learning regulated in part by prefrontal córtex mirror 
neurons; 

(3) experience, expression, and comprehension of emotions arising in a complex 
circuitry includingleft and right hemisphere, amygdala, ventral striatum, anterior 
cingulate córtex, and insular córtex; 

(4) face recognition and identification of, and attention to, facial expressions of 
emotion and social gaze dependent upon fusiform face areas, right occipital face 
area, amygdala, and a posterior-to-anterior ventral Circuit; 

(5) ongoing assessment of the behavior and knowledge of others based in complex 
circuits including regions of prefrontal córtex and the amygdala; 

(6) syntactic language skill governed by left and right temporal and frontal lobe 
córtex and basal ganglia circuits. 

Second, we claim that the first five of these six neurally distinct groups of 
human social behaviors should be identified as subskills within the social diag¬ 
nostic behaviors for autism in order to provide more meaningful and testable 
endophenotypes of autistic impairment. At present the standard diagnostic cri- 
teria for autism (APA, 1994; WHO, 1993) include autistic individuais with widely 
varying unrelated brain and social skill impairments. This inclusiveness is com- 
monly justified by defining autism as a behavioral diagnosis, but it has become 
a criticai problem for genetic and brain research in autism (Bauman & Kemper, 
2005; Coon, 2006; Jamain et ai, 2003; Klauck, 2006; Nicolson & Szatmari, 2003; 
Shao et al, 2003; Volkmar & Pauis, 2003; Yonan et aí., 2003). 

The social neuroscience studies reviewed in this chapter suggest that bonding, 
imitation, emotional expression, face and gaze attention and recognition, and 
ascertaining the dispositional State of others are based in distinct brain circuits, 
and research in autism suggests that these specific social skills contribute to the 
diagnosticbehaviors of autism (e.g. lackoffriends, lackof social reciprocity, lackof 
imaginative play). Thus impairment in these social subskills may be genetically 
significant endophenotypes of the autism phenotype. We therefore propose 
that the social diagnostic criteria in autism should be revised to include the 
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specific additional identification ofimpairment in bonding, imitation, emotional 
expression, face and gaze recognition, and ascertaining dispositional State. 

It has been argued that finding genes that make an individual susceptible 
to autism will depend on establishing a broader phenotype of autism gener- 
ally (Volkmar & Pauis, 2003) or on creating dimensional measures that span 
a broader phenotype of autism (Dawson et al., 2002). Dawson and colleagues 
(2002) reviewed autism and developmental research and identified six domains 
to define a broader phenotype of autism: face processing; sensitivity to social 
reward; imitation of body actions; memory; executive function; and phonology. 
We agree with Volkmar and Pauis (2003), and with Dawson et al. (2002), that 
the autism phenotype requires serious revision. However, we propose that the 
behavioral syndrome of autism may represent an aggregate of many subdisor- 
ders, most of which arise from genetically significant distinct endophenotypes. 
We agree with Dawson et al. (2002) that clearly specified domains should be 
recognized in the revision of the autism phenotype, and our review uncovered 
two of the same domains to be specified: face recognition and imitation. Our 
focus in this chapter, however, has been to identify "units” of human sociability 
for which distinct brain circuits have already been identified in social neuro¬ 
science research. We believe that forming research-based social endopheno¬ 
types within the autism diagnostic criteria will better serve genetic and brain 
research. 

QUESTION 1: TO WH AT EXTENT ARE HUMAN SOCIAL BEHAVIORS 

INNATELY DETERMINED? 

Humans are social animais. Until the spread of agriculture 8000 years ago we 
lived in small social groups of30 to 50 hunter-gatherers. Small groups of humans 
still hunt and gather in South America, África, Indonésia, the Philippines, and the 
South Pacific, but the majority of us live in or near towns and cities that range 
from a few hundred to 25 million people. We seek social contact and group 
cohesion (Richerson & Boyd, 2004), and the size of the human neocortex has 
increased in parallel with increasing social group size (Dunbar, 2002, 2003). 

With the exception of the orang-utan, all large primates are social. De Waal 
(1996) has argued that all social primates share 14 prosocial behaviors: (1) 
mother-child and male-female attachment and pair-bonding; (2) succorance or 
active care for another individual; (3) emotional contagion; (4) social mimicry; 
(5) long-term bonds of friendship; (6) reciprocity in support and aggression; 
(7) peace-making; (8) conflict avoidance; (9) adjustment ofbehavior toward, and 
special care of disabled individuais and helpless infants; (10) active maintenance 
of social bonds; (11) play and teasing; (12) monitoring of the social interactions 
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of others; (13) social teaching; and (14) the accommodation of differing needs 
through active negotiation. 

Both humans and nonhuman social primates use these interaction behaviors 
to establish and maintain elaborate social group relationships of dominance 
hierarchies, subgroup cliques, and shifting alliances (de Waal & Tyack, 2003). 
Nonhuman primates conduct social interaction by means of a set of innate 
communicative displays that combine vocalization, gesture, facial expression, 
and body postures (Corballis, 2003; Crockford & Boesch, 2003; Slocombe & 
Zuberbühler, 2005). Research suggests that these displays are governed both by 
thalamic circuits and by temporal and frontal córtex regions (Corballis, 2003; 
Sherwood et ai, 2003). 

Humans, ofcourse, also use facial expressions, gestures, and body postures to 
communicate, but only a small basic subset of our expressive facial displays - joy, 
fear, disgust, rage, surprise, and sadness - appear to be identical across all cultures 
(Ekman, 2003). Moreover, our communicative displays depend most heavily on 
formal language, which allows for an infinitely varying array of statements 
that express and explain multitudes of emotional States, plans, ideas, and which 
can be used to create an infinite variety of commands, complaints, requests, 
and questions as well as other forms of utterance in order to weave complex 
conversations and group social interactions. 

Reasoning from the evidence of complex social behaviors in nonhuman pri¬ 
mates, theorists have proposed that human social skills must have evolvedbefore 
the emergence of formal language (Brinck& Gardenfors, 2003; Corballis, 2003). 
As is true for apes and chimpanzees, early human prelanguage social behaviors 
would have offered the adaptive advantages of enhanced social care for infants 
and children, enhanced group cohesion for protection from threat, and a hier- 
archy of social food-sharing that would have allowed for more individuais in the 
group to survive. 

Adaptive human skills have been argued to have emerged from a variety 
ofmechanisms including generative complexity (Kauffrnan, 1993), spandrelism 
(Gould & Lewontin, 1979), phylogenetic construction of brain circuits, tissue 
regions and neurochemistry, phylogenetic inflection, ontogenetic construction, 
and ontogenetic inflection (Heyes, 2003). 

Kauffrnan (1993) proposed that organisms and their constitutive internai Sys¬ 
tems (e.g. the brain and the immune system) will self-generate greater and 
greater systemic complexity through the biophysical replicating forces of the 
genome. He called his model "generative complexity plus Darwinian selec- 
tion” (1993). In Kauffrnaris view individuais and their internai systems are kept 
from mutating into chaotic disorganized complexity precisely by means of envi- 
ronmental selection pressures. Darwin proposed that natural selection caused 
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changes within a species and created new species by selecting for the reproduc- 
tive success of beneficent variants. While Kaufiman has supported the modern 
synthesis - that all variation and speciation are a spontaneous and continuous 
function of DNA itself- Kaufiman has proposed that even beneficent and benign 
variations are normally overproducedby the genome and it is only through selec- 
tion that an organism maintains a stable structure and set of traits: "selection 
must hold (an organism and its internai) networks in this poised ensemble (so 
that adaptive) features may be expected to shine through across the aeons and 
across phyla” (1993, p. 535). 

Gould and Lewontin (1979) proposed the term "spandrel” to identify an adap- 
tation that is the unintended byproduct of selection for another trait. A spandrel 
is an architectural term describing the space left between the outer curve of an 
arch and the rectangular frame around the arch. The arch is intended, the rect- 
angular framework is intended, but the two triangular spaces between the left 
and right sides of the arch and frame, the spandrels, are unintended byproducts. 
Gould and Lewontin (1979) suggested that much of human social behavior could 
be the result of a “spandrel” of the increase in human brain size. Calvin (1994) 
argued that our brains increased in size because we needed more brain tissue to 
support memory of where we found raw materiais for tools, and memory of the 
sequence of actions required to make and effectively use tools (Calvin, 1994). 

Conversely, fngold (1994) and Dunbar (2002) have argued that brain adapta- 
tions for social behavior are not the result of a "spandrel byproduct” of the brain's 
increase in size for tool-making, but rather that human brain size increased in 
direct response to the need to manage increasingly complex social interactions 
among humans. Dunbar (2002) has found a positive association between pri- 
mate group size and the size of the brains neocortex, and has proposed that 
primate group size is limited by the individuais' abilities to manipulate informa- 
tion about social relationships (2002, p. 77). For Dunbar, increased neocortical 
tissue evolved in primates because increased working memory and increased 
associative memory was necessary to support the social interaction and social 
cognition skills required to maintain complex social systems. 

Heyes (2003) has outlined a differentiated framework of four mechanisms of 
human cognitive evolution that is applicable to human social behaviors and social 
cognition. In Heyes' model both gene-based natural selection and developmental 
selection in individual ontogeny operate on three Controls for behavior: 

(1) the formation of brain circuits, regions, and chemistry; 

(2) how a Circuit solves a cognitive problem; 

(3) what information is the focus of mental computation. 

Heyes defines phylogenetic construction as natural selection operating on the 
brain to adaptively alter its tissue, circuits, and chemistry. In Dunbar's claim that 
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the neocortex increased in size in order to better manage social relationships, the 
neocortical increase is an example of phylogenetic construction. Heyes defines 
phylogenetic inflection as the way in which natural selection biases the braihs 
automatic attention to the environment for computation. In de Waafs 14 primate 
social behaviors, the automatic monitoring of the behavior of others would be 
a specific phylogenetic inflection of brain attention capacities. 

Ontogenetic construction, in Heyes’ model, is a process of developmental 
selection through experiences that alter the way in which a pre-existing brain 
mechanism operates. The primate social skill of face recognition is an example of 
ontogenetic construction because although infants do recognize faces (de Haan 
et ai, 2003) humans improve in face discrimination over the course of infancy 
and toddlerhood (Pellicano & Rhodes, 2003). 

Heyes’ fourth proposed cognitive evolution mechanism is ontogenetic inflec¬ 
tion, which she defines as an adaptation whose source is information frorn the 
social copying of behaviors “selected” over the course of an individual’s develop¬ 
ment. Heyes has proposed that social copying is distinct ffom any imitative learn- 
ing fostered by the presence of mirror neurons in the frontal lobe (Rizzolatti & 
Craighero, 2004). Heyes has argued that when one individual watches and copies 
the motor behaviors of another individual, this copying is not governed by mirror 
neurons but by the reconfiguration of motor representations in the observer’s 
brain by means of general brain circuits for motor learning. Many of the 14 
universal primate social behaviors, such as play, negotiation, and social teaching, 
depend on social copying. 

All six evolutionary mechanisms outlined above - generative complexity, 
spandrelism, phylogenetic construction, phylogenetic inflection, ontogenetic 
construction, and ontogenetic inflection - go beyond Darwinian selection to 
explain how complex traits such as human social behaviors and social cognition 
may have evolved to be innately determined. Ascertaining the relative validity of 
these mechanisms remains speculative. For example, Dunbar’s reported associ- 
ation between primate neocortex size and primate social group size (2002) may 
be (1) the result of generative complexity of the genes for the central nervous 
system constrained by the environmental selection of birth canal size; or (2) 
the result of spandrel brain growth for tool use where increased tool use was 
necessary to support greater group size; or (3) the result of phylogenetic con¬ 
struction of increased brain size to manage the adaptive complexity of human 
social behavior. 

Despite their differing mechanisms all models argue that many simple and 
complex component human social behaviors are the product of evolution, and 
that these behaviors depend on innate brain structures and functions. As social 
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primates some of our most adaptive behaviors are those that enable us to interact 
with others. The recent emergence of the field of social neuroscience has led to 
research working to identify specific brain regions and circuits associated with 
human sociability and social cognition. 

QUESTION 2: WHAT HAS SOCIAL NEUROSCIENCE RESEARCH 

DISCOVERED ABOUT HUMAN SOCIAL BEHAVIOR AND COGNITION? 

A review of current social neuroscience research suggests that human social 
skills are likely to depend on six distinct groups of evolved brain adaptations. 

One: hormones in brain-body circuits have been found to regulate mam- 
malian social attachment (Cárter, 2002; Insel & Fernald, 2004; Porges, 2003). 

Two: prefrontal córtex mirror neurons guiding motor imitative learn- 
ing programs have been found in monkeys and humans (Corballis, 2003; 
Meltzoff&Prinz,2002; Rizzolatti&Craighero, 2004; Wohlschlager &Bekkering, 
2002). 

Three: evidence for neurochemical circuits and brain loci that determine 
the ability to experience and express one's own emotions, and understand and 
empathically experience the emotions of others has been found in humans 
(Adolphs et ai, 2003; Davidson & Irwin, 2002; Lang et ai, 2002; LeDoux, 2002; 
Panksepp, 2006; Rolls, 1999; Sander et ai, 2003; Singer etal, 2004). 

Four: neocortical and subcortical tissues which become specialized to dis- 
tinguish faces, facial expressions, and social gaze have been found in humans 
(Adams & Kleck, 2003; Batty & Taylor, 2003,2006; Deaner & Platt, 2003; Gauthier 
et ai, 2002; Hooker et ai, 2003; Kanwisher et ai, 2002; Pageler et ai, 2003; Pizza- 
galli et ai, 2002; Posamentier & Abdi, 2003; Yovel & Duchaine, 2006). 

Five: evidence for brain systems that support forms of complex social cogni¬ 
tion in humans has been reported (Allman et ai, 2002; Beer & Ochsner, 2006; 
Kringelbach & Rolls, 2003; Paller et ai, 2003; Royzman et al, 2003; Ziv & Frye, 
2003). 

Six: evidence for many human brain regions involved with syntactic language 
Processing, most notably left hemisphere neocortex and basal ganglia tissues, has 
been found (Josse ôC Tzourio-Mazoyer, 2004; Kotz et ai, 2003; Lieberman, 2006). 

Each of these six groups of proposed brain adaptations for social behavior 
has a large body of associated research. The present review of each, however, is 
necessarily brief and selective. 

1 Hormones in brain-body circuits that regulate social attachment 

Based on studies of the social behaviors of the prairie vole, Cárter (2002) has 
proposed that the hormone peptides oxytocin and vasopressin are crucial to a 
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network in which "steroid-peptide interactions involving hormones ofthe HPA 
axis (hypothalamus, pituitary, adrenal cortices)... provide neuroendocrine sub- 
strates for species-typical social behaviors and emotions” (2002, p. 875). Carter's 
model identifies this Circuit and these hormones as the basis for the pair-bonding 
between male and female prairie voles, and between mother and oífspring. 
Cárter also proposed that this Circuit reduces neophobia (fear of the new or 
different) and increases learning and memory of each other for the individuais 
in the pair-bond. 

Insel and Fernald's work with prairie voles (2004) led them to conclude that 
vasopressin in the hippocampus increases active and passive avoidance learning, 
and that vasopressin the lateral septum of the amygdala is crucial to learning 
to identify the other individual in the pair-bond, and to identify individuais in 
the social group. Insel and Fernald (2004) also reported that oxytocin activity in 
females and vasopressin activity in males is crucial for the achievement of the 
pair-bond and that the activity of both oxytocin and vasopressin in the cingulate 
is crucial for the production of the voles' distress calls. 

Bielsky et aí. (2004) found that vasopressin a-type receptor knockout mice 
exhibited normal skill on spatial and nonsocial olfactory learning and memory 
tasks, but showed a profound impairment in social recognition. 

Porges (2003) has proposed a different model of attachment but it too involves 
vasopressin and oxytocin. Porges has argued that mammals have two vagai 
pathways as part of their autonomic Systems. The older vagai pathway directs 
consummatory behaviors and lies in the dorsal motor nucleus of the vagus, which 
contains oxytocin receptors. The newer vagai pathway, in Porges' model, directs 
our viscerally felt need to be near and interact with others. The newer vagai 
pathway lies in the nucleus ambiguus of the vagus and contains both oxytocin 
and vasopressin receptors. Porges (2003) has claimed that in the newer vagai 
pathway vasopressin triggers actions leading to social interactions, and that the 
newer vagai pathway's interconnections with the sympathetic nervous system 
direct mammals to seek one another when stressed or excited. 

Kurup and Kurup (2003) have outlined the levei of cortical serotonin as another 
possible neural system supporting bonding in humans. They found a significant 
association between the degree of family cohesiveness reported by individual 
family members and the presence of left-hemisphere dominance and increased 
serotonin leveis in the family members. Individuais in extended families with 
more members having left-hemisphere dominance and higher serotonin leveis 
reported a greater degree of family closeness. 

Although human relationships depend on complex interactions governed 
by conversations, cultural etiquette, institutional policies, and legal rules, it is 
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nonetheless likely that hormone mechanisms for mammalian pair-bonding and 
group cohesion remain as adaptive forces for human sexual reproduction, care 
for infants, and social group formation. 


2 Prefrontal córtex mirror neurons that guide motor imitative learning 

Mirror neurons have been identified in area F5 of the macaque’s brain 
(Rizzolatti & Craighero, 2004). Mirror neurons do not discharge when the 
macaque sees objects, but do discharge when the macaque observes another 
monkey using its hand to grasp, tear, manipulate, or place objects. Most impor- 
tantly mirror neurons discharge to trigger the observer macaque's hand action 
when it moves its own hand in exactly the way it has seen the other macaque move 
its hand. Rizzolatti and Craighero (2004) have concluded that mirror neurons 
link action recognition to action production. 

Area F5 in the macaque is the ventral premotor córtex homologous to humans’ 
Brodmanri s area 44 and consistent with Brocas area. For this reason, and 
because Broca's area may be active during human hand movements, Rizzolatti 
and Craighero (2004) have argued that a gestural communication system based 
on mirror neurons was the first form of early human language that moved 
beyond the limits of the fixed communicative displays of our nonhuman pri- 
mate cousins. As a consequence they have further concluded that formal spoken 
syntactic language emerged frorn manual gestural communication based in the 
mirror neuron system. 

Mirror neurons are also argued to be the basis for primate imitative behavior 
in general (Meltzoff & Prinz, 2002). Wohlschlager and Bekkering (2002) reported 
evidence for mirror neurons in humans, and Tai et al. (2004) reported that 
human study participants observing another person grasping an object exhibited 
a signiíicant neural response in the left premotor córtex. Hauk and Pulvermuller 
(2004) reported that the processing of action words referring to leg, arm, and 
face movements was associated with distinct neural activity; reading leg-related 
words activated dorsal frontoparietal areas more strongly, while reading face- 
words produced more activity at left inferior-frontal sites. Corballis (2003) has 
reviewed theories of language evolution and reviewed the research on mirror 
neurons, and has concluded that the evidence for the lateralization of mirror 
neurons in the human left prefrontal córtex - as opposed to mirror neurons 
bilaterally in the macaque F5 - suggest that handedness must have been part of 
the evolution of human language skills. 

Mimicry has also been linked to increased sociability (van Baaren et al., 2004). 
Van Baaren and colleagues reported that individuais whose behaviors were 
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mimicked (by an experimental confederate) significantly increased their social 
interactions with others. 

Whether social mimicry is governed by mirror neurons is not yet known. 
However, evidence is accruing to support the existence of mirror neurons. Mir¬ 
ror neurons may contribute to the acquisition of social interaction skills through 
nonconscious mimicry of social displays, may contribute to language acqui¬ 
sition, and motor skills acquisition. Furthermore nonconscious mimicry may 
contribute to emotional reciprocity in social interactions, as well as increased 
sociability. 

3 Neurochemical circuits and brain loci that determine the ability to experience 
and express one's own emotions, and understand and empathically experience 
the emotions of others 

Many researchers have offered evidence for the brain basis of emotion processing. 
We consider here the ideas and findings of Adolphs et al. (2003), Davidson and 
Irwin (2002), Lang et al. (2002), LeDoux (2002), Panksepp (2006), Rolls (1999), 
Sander et al. (2003), and Singer et al. (2004). 

Davidson and Irwin (2002) constructed a comprehensive account of the many 
sources of human affects. Based on their own work, and the research of others, 
they have proposed that there are eight distinct aífect circuits: 

(1) approach, related to positive aífect and moving toward others and objects, is 
associated with increased left prefrontal córtex metabolism; 

(2) withdrawal, related to fear, disgust, and other negative affects and moving away 
from others and objects, is associated with increased right prefrontal córtex 
metabolism; 

(3) anticipating future negative or positive outcomes are aífect States that depend on 
working memory, which, in turn, depend on bilateral ventromedial prefrontal 
córtex; 

(4) perception, experience, and expression ofnegative emotions stem from amygdala 
activity; 

(5) computing the meaning of the emotional expressions of others takes place in 
the posterior region of the right hemisphere of the córtex; 

(6) experiencing reward States depends on the ventral striatum; 

(7) attention to the emotional States of others depends on anterior cingulate córtex; 

(8) body State visceral feedback to the brain depends on the insular córtex. 

Panksepp (2006) has proposed that specific emotions signal a particular adap- 
tive challenge, and that arousal, reward, and fear originate in the brainstem, 
hypothalamus, hippocampus, amygdala, and basal ganglia in order to regulate 
our responses to the environment. Panksepp further argued that cognition is 
a separate brain function from emotion based on the evidence of a diíference 
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between the two in subjective experience, a difference in patterns of the cortical- 
subcortical locus of control, and diíferences in development, expression States, 
and in cerebral laterality. Harmon-Jones (2003) reviewed research on the emo- 
tion of anger. He reported that although anger has often been associated with 
approach motivation and with increased left prefrontal córtex metabolism, the 
asymmetrical frontal cortical activity found for anger is due to motivational 
direction and not aífective valence. 

In contrast to Davidson and Irwin (2002), Panksepp (2006), and Harmon-Jones 
(2003), Lang et al. (2002) have argued that it is unlikely that emotions operate 
in discrete modules. They have suggested that it would not be adaptive to have 
isolable tactical emotions. They have proposed instead that emotions exist in a 
“motivation-emotion circumplex” in which positive and negative affect compo- 
nents combine synergistically to create complex motivating States of emotion. 

LeDoux (2002) has concluded that many mammalian amygdala-based defense 
responses are not operants - motor skills learned through a series of repeated 
actions - but are actually respondents, that is, fixed motor programs reacting to 
a speciíic pattern in the environment. Based on his research LeDoux has claimed 
that hardwired respondents in the amygdala include reactive freezing, fighting, 
and fleeing, as well as facial grimaces. He has outlined that such respondents 
are governed by the amygdala and its circuits with the ventral striatum of the 
forebrain and the brainstem motor system. Sander et al. (2003), however, have 
proposed a broader role for amygdala function in primates. They have argued that 
research to date has not proven that the amygdala's sole function is the generation 
of fear. They have claimed that it is likely that the amygdala in primates computes 
a wide range of interpretations of emotional stimuli, especially socially relevant 
stimuli. 

Rolls (1999) has further argued that both cortical and subcortical activations 
are necessary for the experience of emotion. His argument is based on the 
evidence that primates require view-invariant representations of objects and 
individuais in order to learn to make and use tools, and also require view- 
invariant representations of objects in order to collect food. From this Rolls 
has concluded that these cortical representations must be activated by primate 
emotions because emotions "drive” adaptive behaviors such as food-gathering 
and tool-making. 

Adolphs et al. (2003) reported a case of an individual with extensive bilateral 
brain lesions who could not recognize static representations of emotions but 
could recognize emotions in dynamic displays. They argued that this individuaLs 
brain damage and behavioral déficits suggest that bilateral inferior and anterior 
temporal lobe and medial frontal cortices are criticai for linking perception of 
static stimuli to recognition of emotions. 
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Singer and colleagues (2004) reported that fMRI ofindividuals witnessing their 
partner experiencingpainful hand stimulation showedbrain activation of a subset 
of their own pain reaction pattern. An individual experiencing his or her own pain 
activated the entire neural pain matrix including the secondary somatosensory 
córtex, primary somatosensory córtex, thalamus, bilateral anterior insula, rostral 
anterior cingulate córtex, brainstem, and cerebellum. Witnessing their partner 
experiencing the same hand pain activated only the bilateral anterior insula, 
rostral anterior cingulate córtex, brainstem, and cerebellum. The researchers 
argued that anterior insula and rostral anterior cingulate córtex comprise the 
core of an autonomic-affective system that provides our experience of pain and 
our experience of empathy for the feelings of others (2004, p. 1160). 

In sum, social neuroscience research is generating increasing evidence for a 
variety of innate brain circuits that reflect the evolution of our ability to experi¬ 
ence and distinguish and be motivated by our own emotions, and to comprehend 
and empathize with the emotions of others. 

4 Neocortical and subcortical tissues that become specialized to distinguish 
faces, facial expressions, and social gaze 

Face recognition and face expression interpretation 

There are two ongoing debates in the studies of face recognition and facial 
expression. The first debate is whether or not "face-recognition” brain regions 
are solely dedicated to face recognition or serve to recognize and discriminate 
other complex visual images as well (Yovel & Duchaine, 2006). The second 
debate is whether recognition of people's emotional expressions is dependent 
on face-recognition brain regions or operates separately. 

Posamentier and Abdi (2003) reviewed research exploring brain regions for 
face form identification and facial expression recognition. They concluded that 
data ff om neuroimaging studies suggest an overlap of brain activation regions for 
face form recognition and facial expression recognition. Kanwisher et al. (2002) 
reported that only one brain area is uniquely active in response to human faces: 
the fusiform gyrus. They further noted greater activity in the right fusiform 
gyrus than the left. 

Contrary to Kanwisher and colleagues, Gauthier et al. (2002) reported find- 
ing that people who have special expertise in object recognition (birdwatchers 
and car model experts) activate the fusiform face areas and the right occipital 
face area both when they identiíy human faces and also when they identify 
bird species or specific car models. Gauthier and colleagues have concluded that 
all humans become face-identification experts because we have seen so many 
human faces over the course of development. They have also concluded that 
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because the extensiveness of expertise possessed by bird and car experts is signif- 
icantly correlated with the amount of activation recorded in their right fusiform 
face-recognition areas that the "face” recognition areas of all of us are better 
understood as tissue dedicated to increasingly complex figurai analysis, which is 
not unique to human faces. 

In an earlier related study, Swithenby et al. (1998) also found early automatic 
stimulus-bound stages of configurai feature extraction of facial expressions of 
emotion. Batty and Taylor (2003,2006), too, reported data that support the notion 
that recognition of facial expression of emotions is a rapid, automatic process. 
Batty and Taylobs localization analyzes indicated that both positive and negative 
face expression of emotions are registered by the NI 70 ERP from the superior 
and middle-temporal regions for early processing of facial expressions. However, 
in later processing at 300-400 ms differentiable patterns for processing positive 
and negative face expression of emotions appeared in frontal lobe activation. 

Face expression and face-feature processing both appear to be organized along 
a back-to-ffont ventral stream of activation running from the occipital córtex 
to the temporal córtex. This stream may also be altered by the reactions of 
the individual doing the processing. Pizzagalli et al. (2002) found that study 
participants with positive attitudes showed a different pattern of activation along 
this ventral stream to both liked and disliked faces than did participants with 
negative attitudes. 

Recognition of social gaze 

Adams and Kleck (2003) reported that study participants combined information 
about gaze direction with information about facial expression in the processing 
of emotionally relevant facial information. Deaner and Platt (2003) have demon- 
strated that both rhesus macaques and humans automatically orient their visual 
attention in the same direction as they observe a rhesus macaque to be looking. 
Hooker et al. (2003) found increases in neural activity in the amygdala when 
individuais were actively monitoring human gaze cues for emotional events, 
but found increased activity in the superior temporal sulcus when individuais 
were attempting to discern social spatial information. However, Hooker and 
colleagues' distinction is in conflict with Batty and Tayloks (2003, 2006) findings 
of increased activity in superior temporal regions for early processing of facial 
expressions of emotion. 

Supporting Batty and Taylor (2003,2006), Pageler etal. (2003) reported finding 
that the fusiform gyrus and the superior temporal sulcus both showed increased 
activity to gaze processing. They reported that the fusiform gyrus responded 
with the greatest activation to face and gaze forward (direcdy at the observer), 
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and that both the fusiform gyrus and superior temporal sulcus showed increased 
activity when subjects looked at a direct face compared to an angled face, regard- 
less of gaze direction. Calder et al (2002) found that theory of mind (ToM) tasks 
and eye-gaze processing engage a similar region of the posterior-superior tem¬ 
poral sulcus as well as a similar region of medial prefrontal córtex. These studies, 
and other such studies, suggest that social gaze attention circuits do exist and 
are likely to be integrated in processing with recognition of faces and facial 
expression of emotion, and with the interpretation of the possible mental State 
of another as well. 

5 Possible brain Systems that support forms of complex social cognition 

Willingham and Dunn (2003) proposed that social cognition skills are second- 
order processes that depend on necessary first-order processes such as memory 
and attention. They also argued that few brain constructs are uniquely dedicated 
to social cognition or social behavior, basing their claim on evidence that both 
early prefrontal brain damage and bilateral amygdala damage yield a wide range 
of impaired social behaviors and impaired social cognition skills. Supporting 
Willingham and Dumris claims, Pessoa and Ungerleider (2004) reported finding 
that all regions of the brain that are normally activated to faces with emotional 
content (fusiform face areas, right occipital face area, and the amygdala) are 
activated only when the individual has sufificient attentional resources to do so, 
suggesting that the social cognition of understanding facial expressions may be 
a second-order mental process relying on the first-order process of attention. 

Opposed to Willingham and Dunn's thesis (2003) and Pessoa and Ungerleideris 
(2004) data, Sander et al. (2003) have argued that the wide range of types of social 
impairment that result from amygdala damage is evidence that the amygdala 
has adapted its function in primates to be a general processing device for all 
socially relevant stimuli. In their view, amygdala processing would be primary 
not secondary and will be activated by a wide range of primate (human) social 
situations. At present, however, there are insufficient data to determine the 
relationship between complex social cognition skills and attention. 

A review of current research in the neuroscience of social cognition suggests 
that there are an increasing number of claims for distinct social cognitive skills 
(Beer & Ochsner, 2006). Research exploring five theorized social cognitive skills 
will be briefly reviewed here: 

(1) epistemic egocentrism and ToM (Royzman et al, 2003); 

(2) rapid cue reversal learning for interaction (Allman et al, 2002; Kringelbach & 
Rolls, 2003); 

(3) detection of the dispositional State of another (Adolphs, 2002; Brothers, 2002); 
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(4) social evaluation (Cunningham et al., 2003); 

(5) global emotional intelligence (Goleman, 1995, Matthews et al., 2002). 

Epistemic egocentrism and theory of mind 

Royzman et al. (2003) reviewed research on ToM, and research on perspective- 
taking skills in children and adults. They proposed a functional interconnection 
between three concepts: 

(1) theory of mind, defined as having an idea that other people have diíferent mental 
contents from one’s own (Ziv & Frye, 2003); 

(2) the illusion of transparency, defined as overestimating what other people know 
about our own unexpressed mental States and knowledge (Savitsky & Gilovich, 
2003); 

(3) the failure to preserve privileged knowledge about the mental States of others, 
defined as beingunable to inhibit one's own State of knowledge from interfering 
with privileged knowledge of another person's mental contents (Nickerson, 

1999). 

Royzman et dl. (2003) argued that ToM, the illusion of transparency, and the 
failure to separate one’s own knowledge from privileged information about the 
mental knowledge of another are three versions of the same social cognitive 
human limitation, which they have defined as "epistemic egocentrism.” For 
Royzman et al., epistemic egocentrism is our difficulty in maintaining all privi¬ 
leged information separately. In tasks that test for theory of mind, very young 
children cannot maintain the privileged information they are given about a dolfs 
lack of knowledge of a hiding place, and studies of the illusion of transparency 
have indicated that adults often fail to recognize that their own mental contents 
are privileged information that others do not have (Savitsky & Gilovich, 2003). 

Royzman and colleagues concluded from their research review that the ability 
to maintain mental content information as “privileged” (whether it is our own 
mental contents that are privileged to us but not others, or it is the mental 
contents of others “privileged” to us because we know their mental contents) 
improves over the course of our lifetime of social interactions, and that even 
most competent adults still have trouble setting aside privileged information. 
Royzman et al. have argued that what improves over our lifetime of interactions 
is the ability to inhibit the salience of any privileged information, and they 
have argued that this particular form of inhibitory control improves with the 
development of prefrontal córtex. 

Supporting Royzman et al. (2003), Sabbagh and Taylor (2002) reported event- 
related potential data that they suggested indicates that brain processing of infor¬ 
mation about mental contents is not an automatic process. However, in contrast 
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to Royzman and colleagues, Sabbagh and Taylor have argued that effortful Pro¬ 
cessing of the mental contents of others is unlikely to be simply the result of a 
failure to inhibit privileged information. 

Rapid cue reversal learning 

Another skill thought to be crucial to social cognition is rapid cue reversal 
learning. Kringelbach and Rolls (2003) and Allman et al. (2002) have argued 
that rapid cue reversal learning is necessary for successfully following the often- 
changing emotional cues provided by human facial and vocal expressions in 
conversation. Both research teams have identified a brain Circuit involving the 
prefrontal córtex and the anterior cingulate as the basis for rapid cue reversal 
learning. In addition, Allman et al. (2002) proposed that our body's reactions to 
the behavior of others are fed into our ability to learn changing cues by means of 
spindle cell neurons that convey body (visceral) reaction States information via 
insular tissue to the cingulate-prefrontal Circuit. Allman and colleagues argued 
that social insight and comprehension depend on visceral reaction-informed cue 
reversal learning, which improves over our lifetime as we expand our repertoire 
of interaction experiences. 

Detection of dispositional intent 

Brothers (2002) argued that comprehending the dispositional intent of another 
person is likely to reside in a brain social cognition module in which distinct 
groups of neurons code for four specific pieces of information about another 
person. These are first, the person's identity, second, the direction of the person's 
movement, particularly their ongoing hand movements, third, the person's body 
posture, and fourth, the person’s facial expression. Brothers (2002) proposed that 
additional information outside the module is required to determine another 
person’s dispositional intent: the context of the other persons present must be 
assessed and knowledge of the relationships of those other people must also be 
computed. 

Adolphs (2002) has also proposed a mixture of innate modules and more 
global processing as a basis for the comprehension of the dispositional intent and 
behavior or other people. Adolphs argued that "it is likely that domain-specific 
processing draws upon innately specified modules, as well as upon self-organized 
maps that emerge as a consequence of experiences with the world” (2002, p. 316). 

Social evaluation 

In an fMRI study, Cunningham et al. (2003) found that good versus bad eval- 
uations of other people were associated with greater medial and ventrolateral 
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prefrontal córtex activity than in past versus present judgments (of the person s 
existence). They argued that both automatic processing in medial and ventrolat- 
eral prefrontal tissue and controlled processing in associative córtex are involved 
in the social evaluation of other people. 

Emotional intelligence 

Goleman (1995) proposed that all social cognition depends on a global skills 
he labeled “emotional intelligence.” Goleman defined emotional intelligence 
as a unitary skill that computes self and other recognition and self and other 
regulation. Matthews et al. (2002) reviewed research on emotional intelligence 
and reported that research studies have failed to confirm "self and other recog¬ 
nition” and “self and other regulation” as subgroups of skills. Matthews et al. 
also reported that there is no research evidence to support the belief that emo¬ 
tional intelligence exists as a unitary ability. They concluded that Goleman s 
emotional intelligence cannot be tested empirically because it is “too open- 
ended and loosely specified to constitute good scientific theory” (2002, p. 15). 
Matthews and colleagues research review also led them to conclude that the 
concept “emotional intelligence” has been applied too widely both by Goleman 
(1995) and other researchers to include distinct social skills ranging from the 
ability to experience different emotions, to the ability to evaluate the disposi- 
tions of others, to the ability to alter one's own expressions appropriately during 
the course of a conversation. 

While there is no evidence to support the notion of emotional intelligence as 
a unitary mental process, research does suggest that social cognition requires a 
wide range of effortful mental processes. Processing information about the men¬ 
tal contents of others and ourselves is a tricky mental task, prone to error and 
subject to improvement over time in all of us. Similarly, rapid cue reversal learn- 
ing, deemed a requisite for successfully conducting a conversation, improves 
with practice. Certainly both social evaluation and ascertaining the dispositional 
intent of another person, which depends on keeping track of the direction of 
their movement, their body posture, and their facial expression, remain daily 
problems to solve even for typical adults living in urban areas, and working 
within large institutions. 

6 Cortical and subcortical tissues that understand and 
produce syntactic language 

Josse and Tzourio-Mazoyer (2004) reviewed research on hemispheric specializa- 
tion for language and concluded that although there is a great deal of interindi- 
vidual variability, left temporal and frontal lobe specialization for language is a 
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very consistent finding, and that size of the left but not the right planum tem- 
porale is significantly associated with skill in language comprehension. Salustri 
and Kronberg (2004) conducted an independent component analysis of brain 
sources of activity during language tasks in unimpaired adults. They found 
three criticai active brain regions associated with language skill - right-frontal, 
left-parietal, and left-frontal areas - and each showed well-defined dipolar field 
distributions. 

Research has also suggested other brain specializations for language. Kotz 
et al. (2003) reported that patients with left temporoparietal lesions in an imaging 
language-processing study had a P600 wave but no N400 wave, while, conversely, 
patients with lesions of the basal ganglia had no P600 wave but did have an odd 
form of an N400 wave. Similar to prior findings by other research teams, the 
researchers concluded that the basal ganglia modulate the P600 brain wave which 
signals syntax processing, and the left temporal and parietal lobes - along with the 
basal ganglia-modulate the N400, which signals semantic integration processing 
in sentence comprehension. In a related model, Ullman (2001) argued that word 
knowledge and grammar knowledge depend on two brain memory systems. 
For Ullman, word memory depends on declarative memory (fact and event 
knowledge), which may be specialized for computing and learning arbitrary 
relations, and is based in temporal lobe structures. In Ullman’s model, processing 
grammar requires procedural memory, which resides in basal ganglia structures 
linked to frontal structures. 

Finally, as outlined in the section above on mimicry and mirror neurons, there 
may be a role for human frontal mirror neurons in language skill (Lieberman, 
2006). Rizzolatti and Craighero (2004) have argued that frontal lobe mirror 
neurons are likely to provide both sequencing of hand and arm gestures and 
sequencing of verbal syntax. They also proposed that mirror neurons regulate 
the learning of gesture and syntactic speech through the process of nonconscious 
motor imitation. 

QUESTION 3: WHAT CAN THESE SIX GROUPS OF BRAIN 

ADAPTATIONS FOR SOCIAL BEHAVIOR TE LL US ABOUT THE 

DIAGNOSTIC PHENOTYPE OF AUTISM? 

Evidence for six groups of proposed brain adaptations for human social behavior 
was outlined above. These six groups are: (1) steroid-peptide interactions in the 
HPA axis governing mammalian bonding; (2) prefrontal córtex mirror neurons 
governing primate and human imitative motor learning; (3) multiple brain cir- 
cuits and tissue (left and right hemisphere, amygdala, ventral striatum, anterior 
cingulate córtex, and insular córtex) governing human emotions; (4) fusiform 
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face areas, right occipital face area, amygdala, and a posterior-to-anterior ventral 
Circuit governing human face identification, gaze attention and identification of 
facial expressions of emotion; (5) regions of preff ontal córtex and the amygdala 
governing human social cognition of the behavior of other individuais; and (6) 
left and right temporal and frontal lobe córtex and thalamic circuits governing 
human language. 

Research evidence has indicated that there are autistic individuais who do have 
brain déficits and dysfunctions in each of these six groups ofbrain adaptations for 
sociability and social cognition. Only a few of the most recent of these studies 
will be mentioned here but relevant current reviews include Brambilla et al. 
(2003) and Ronald et al. (2006). 

Abnormal leveis of plasma oxytocin in autistic individuais were reported by 
our research group (Modahl et al., 1998). Luna et al. (2002) found that autistic 
subjects demonstrated significantly less task-related activation in dorsolateral 
prefrontal córtex and posterior cingulate córtex in comparison with healthy 
subjects during a spatial working memory task. Lower than normal blood oxy- 
gen level-dependent signal changes in the fusiform gyrus of autistic individuais 
during visual processing of faces have been reported (Hubl et al. 2003), and 
Schultz et al. (2003) have reported hypoactivation of the fusiform face area 
in autism which they suggest is a core social cognitive impairment. Howard 
et al. (2000) found that individuais with high-functioning autism who demon¬ 
strated impairment in the recognition of facial expressions and perception of 
eye-gaze direction also had abnormalities of the medial temporal lobe, including 
bilaterally enlarged amygdala volumes. Bauman and Kemper (2005) systemat- 
ically analyzed brain tissue in autism and found three regions with consistent 
abnormalities: 

(1) reduced numbers of Purkinje cells in the cerebellum; 

(2) small, tightly packed neurons in the entorhinal córtex; 

(3) small, tightly packed neurons in the medially placed nuclei of the amygdala. 
Herbert et al. (2004) found increased white matter enlargement localized to the 
radiate white matter in all cortical lobes in autism which would alter intrahemi- 
spheric and corticocortical connections. In a magnetoencephalographic study 
of brain activation to speech sounds Tecchio et al. (2003) found no evidence for 
the detection of a change in the physical characteristics of a repetitive sound 
in autistic subjects, suggesting abnormal function in temporal lobe processing 
of speech sounds. Turkeltaub et al. (2004) reported that autistic hyperlexia was 
associated with hyperactivation of the left superior temporal córtex. Barnea- 
Goraly et al. (2004) found reduced white matter in the brains of autistic individu¬ 
ais in ventromedial prefrontal cortices, anterior cingulate gyri, temporoparietal 
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junctions, adjacent to the superior temporal sulcus bilaterally, in the temporal 
lobes approaching the amygdala bilaterally, in occipitotemporal tracts, and in 
the corpus callosum. 

The first five of the six groups of brain adaptations for human social skills 
reviewed here invite a reconsideration of the social diagnostic criteria for autism. 
"Impairment in social interaction,” including (a) impaired eye gaze, (b) lack of 
social reciprocity, (c) poor or absent joint attention, and (d) limited or absent peer 
relationships, is the first subset of criteria for autism. "Qualitative impairments 
in communication” including (a) no language, (b) impaired language, and (c) 
lack of appropriate imaginative play is the second subset of diagnostic criteria. 
("Restricted patterns of behavior and interest,” including (a) abnormal interests, 
(b) difficulties with change, and (c) stereotyped mannerisms is the third) (APA, 
1994; WHO, 1993). 

Consider the autism diagnostic criteria "lack of social reciprocity.” It is possible 
that “ lack of social reciprocity” in an autistic individual could arise from any of 
the following: 

(1) impaired bonding stemming from abnormal oxytocin and / or vasopressin or other 
abnormality in the HPA axis system function would result in a consequent lack 
of behavioral drive to interact with others and thus no reciprocai social interest 
in another person; 

(2) impaired functioning ofprefrontal córtex mirror neurons governing imitative motor 
learning would result in failed nonconscious mimicry of language, social, and 
motor behavior of others that would appear as failed social reciprocity; 

(3) impaired experience, expression, and/ br understanding of emotions resulting from 
impairment in any of the multiple brain circuits and tissue (left and right hemi- 
sphere, amygdala, ventral striatum, anterior cingulate córtex, insular córtex) that 
govern emotional processing could yield absence of social reciprocity; 

(4) impaired ability to recognize or attend to gaze, faces and facial expression of emotions 
stemming from impairment of one or more of the regions governing these skills - 
the fusiform face areas, right occipital face area, amygdala, and a posterior-to- 
anterior ventral Circuit (including superior temporal sulcus) could lead to lack 
of social reciprocity; 

(5) impaired ability to update changing interaction information arising from impaired 
regions of prefrontal córtex or amygdala or any of their reciprocai connections 
could also give rise to lack of social reciprocity; and, finally, 

(6) absence oflanguage or language impairment stemming from a dysfunction in neocor- 
tical circuits and/or thalamic circuits governing human language could clearly 
be a basis for lack of social reciprocity. 
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Similarly, it can be argued that the diagnostic criteria of impaired or absent 
joint attention, limited or absent peer relationships, and lack of appropriate 
imaginative play could result ffom: (1) absent or impaired bonding; and/or 
(2) impaired imitation; and/or (3) impaired experience and comprehension of 
emotions; and/or (4) impaired face recognition, gaze attention, or impaired 
recognition of facial expression of emotions; and / or (5) impaired ability to update 
changing interaction information; and/or (6) impaired language. 

These subskill contributions also point to the problem of the interrelatedness 
of the existing diagnostic criteria for autism. For example, Dawson et dl. (2004) 
studied 72 children with autism spectrum disorder (ASD) reporting that struc- 
tural equation modeling indicated that joint attention was the best predictor of 
concurrent language ability, and that social orienting and attention to distress were 
indirectly related to language through their relations with joint attention. 

Volkmar and Pauis (2003) argued that twin and family genetic studies suggest 
that autism is the core syndrome of a broader existing range of milder phenotypes 
of social and cognitive impairment, and proposed that research in autism must 
more clearly define discrete behavioral elements of the autism phenotype for 
use as quantitative traits in genetic association studies. A successful example of 
this approach is a study by Shao et dl. (2003). Using principal-component factor 
analysis they identified a factor representing insistence on sameness (IS) - derived 
ff om the Autism Diagnostic Interview-Revised - and found that families sharing 
high scores on the IS factor increased linkage evidence for the 15ql l-ql3 region, 
ffom a LOD score of 1.45 to a LOD score of 4.71. 

However Yonan and colleagues (2003) conducted a genome-wide screen of 
345 families, each with at least two siblings with autism. They found 408 markers 
associated with autism across the entire genome. Like Volkmar and Pauis (2003), 
Yonan et dl. (2003, p. 895) concluded that 

we must recognize the possibility that even dramatic increases in sample size may fail 
to detect linkage, or association, if the diagnosis of autism or ASD does not significantly 
increase the likelihood of carrying any single genetic variant... Thus it will be important 
to identify and characterize autism-related quantitative traits and / or endophenotypes 
that are more directly correlated with underlying genetic variation. 

In a review of genetic research in autism Jamain et dl. (2003) argued that the 
multiple markers that have emerged ffom linkage studies combined with the 
sharp difference in the concordance rates between monozygotic (identical) and 
dizygotic (ff aternal) twins indicates that autism must be both genetically hetero- 
geneous (different sets of genes cause autism in different families) and polygenic 
(based on multiple altered genes for each autistic individual). 
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CONCLUSION: SIX SOCIAL E N DO P H E N OT Y P E S SHOULD BE INCLUDED 
IN AUTISM DIAGNOSTIC CRITERIA 

Nicolson and Szatmari (2003) reviewed genetic research in autism and suggested 
that autism is likely to be genetically heterogeneous such that "each gene (or set 
of genes) may be a risk factor for a specific component of the autism phenotype” 
(2003, p. 529). They concluded that future genetic research may have to "disentan- 
gle the autism phenotype” (by) "focusing on the core features of autism” (2003, 
p. 529). This may not be so easy to do. The six domains of social skills reviewed in 
this chapter identify the very wide variety of brain dysfunctions and behavioral 
déficits that could contribute to each of the seven social and communication 
behavioral impairments diagnostic for autism. Even though a group of autis- 
tic individuais may share the same specific diagnostic impairment, nonetheless 
they may not necessarily share the déficits contributing to that shared diagnostic 
behavioral impairment. These specific underlying déficits may be endopheno- 
types of autism. Therefore, conducting a genetic study of autistic individuais who 
all share one diagnostic impairment such as "failed social reciprocity” will be 
likely to include multiple subgroups each with a different endophenotype gen- 
erating the shared diagnostic assessment: “failed social reciprocity.” ff Nicolson 
and Szatmari (2003) are correct in their claim that there may be correspondence 
between a gene and a risk factor for a component of the autism phenotype, even 
grouping by a single shared diagnostic impairment would be problematic for a 
genetic study. 

Currently when autistic individuais are noted to have impairment in bond- 
ing, social imitation, emotional expression and comprehension, face recogni- 
tion, or inability to follow rapidly changing social cues, these impairments are 
labeled as nondiagnostic-associated déficits of autism, just as levei of cogni- 
tive impairment and savant skills are defined as associated déficits of autism, 
largely because these impairments vary widely across diagnosed individuais 
(Fombonne, 2003; Lord et al, 2006; Volkmar & Pauis, 2003). Nonetheless, it 
has been shown that levei of cognitive impairment is crucial in defining a 
subgroup of the autistic spectrum as Asperger s disorder (Volkmar & Pauis, 
2003), and our team reported that a follow-up study of 138 autistic children 
showed that preschool high- and low-cognitive function subgroup membership 
significantly predicted functioning at school age, whereas school-age function- 
ing was not predicted by preschool autistic symptoms (Stevens et al, 2000). 
More importantly, a genetic study that isolated autistic siblings with higher 
scores on a savant skills cluster from the Autism Diagnostic fnterview (Nurmi 
et al, 2003) suggested that there may be a genetic contribution of the 15q 
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locus to autism susceptibility in a subset of affected individuais exhibiting 
savant skills. The researchers noted that Prader-Willi syndrome, which results 
from deletions of this chromosomal region, can also yield savant-type skills as 
well. 

Following from this, because the social skills reviewed in this chapter appear 
to be based in distinct brain circuits, and because impairments in these social 
skills have been demonstrated in subgroups of autistic individuais, and thus must 
contribute to the social diagnostic impairments in autism, therefore impairment 
in these social skills - bonding, imitation, emotional expression, face recognition, 
changing social cues, ascertaining dispositional State - are likely to be genetically 
significam endophenotypes of the autism phenotype. Consequently we propose 
that impairment in these specific social skills should be incorporated into the 
diagnostic criteria for autism. 

Incorporating clearly defined subskill impairments within the current stan¬ 
dard social diagnostic criteria of autism will help researchers to select better 
defined groups of autistic individuais and their family members for genetic and 
brain dysfunction research. We believe that the addition of these subskill impair¬ 
ment descriptions within the standard diagnostic criteria will permit significam 
inferences from future studies by reducing the confounding problem of multiple 
endophenotypes within a study sample. 
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pictures, use to communicate 139, 143, 144 
PKU (phenylketonuria), association with autism 
42-3 

pleiotropy 163-4 

polygenic multilocus genetic models 166-8 
postural abnormalities 1 80-2 
pragmatic problems 95 
pragmatics 131 

pre- and perinatal conditions 182-5 
pregnancy and birth complications 1 82-5 
prevalence estimations 

Asperger syndrome 45-6, 47 
autistic disorder 35-7, 41-2 
childhood disintegrative disorder 45, 47, 48 
PDD (all types) 47-50 
PDD-NOS 43-4, 45 
pronoun reversal 136-7 
prosodic disorders 137-8 
psychiatric disturbances in adulthood 290-5 
psychological factors in autism 69-70 
academic function 78-80 
attachment behavior 87-8 
attentional abnormalities 74-5 
autistic savants 80-2 
central coherence theory 1 06-9 
cognitive flexibility 102-3, 104, 105-6 
communication impairment 94-8 
deviant behaviors 90-1 
echolalia 83-4, 95 
emotion perception 91-3 
executive function theory 102-6 
face perception 91-3 
hyperlexia 78-9, 80-1 
‘idiot savant’ abilities 80-2 
influence of levei of functioning 69-70 


342 Index 


psychological factors in autism ( cont .) 
inhibition 104 

intellectual function (IQ) 75-8 
joint attention’ déficits 88-9 
language impairment 94-8 
memory disorder 83-6 
motor development 73-4 
perceptual development 70-3 
pragmatic problems 95 
sensorimotor development 70-3 
social development and behavior 86-91 
social impairments 86-91 
socially embarrassing behavior 90-1 
splinter skills 80-2 
theory of mind hypothesis 98-101 
psychopharmacology of PDDs 
amantadine 237-8 
atypical antipsychotic agents 223-7 
beta-adrenergic blockers 235 
buspirone 233 
carnosine 239 
citalopram 232-3 
clomipramine 228-9 
clonidine 236 
clozapine 227 
D-cycloserine 238 
dextroamphetamine 222-3 
dimethylglycine 239-40 
divalproex sodium 238-9 
donepezil 240 

drugs affecting dopamine function 221-3 
drugs affecting glutamate function 237-8 
drugs affecting norepinephrine function 235-7 
drugs affecting serotonin function 227-35 
fenfluramine 228 
fluoxetine 231 
fluvoxamine 229-30 
guanfacine 236 
haloperidol 222 
inositol 234 
lamotrigine 237 
levetiracetam 240-1 
lithium 239 
lofexidine 236-7 
methylphenidate 222-3 
mirtazapine 233-4 
mood stabilizers 238-9 
naltrexone 241-2 
olanzapine 225-6 
oxytocin 242 
paroxetine 230-1 
psychostimulants 222-3 
quetiapine 226 
risperidone 223-5 
secretin 242-3 
sertraline 231-2 
tianeptine 234 
venlafaxine 234-5 
ziprasidone 226-7 
psychostimulants 222-3 


quetiapine 226 

race association studies 35-7, 58-60 
rapid cue reversal learning 322 
Rhett disorder 221 

association with autism 204 
development of diagnostic concepts 7 
differential diagnosis 16-18 
early regression 16-18 
right hemisphere learning problems 6-7 
Rimland’s diagnostic checklist 14 
risperidone 223-5 

Sainsbury, Clare 273 
schizoid disorder 6-7 

schizophrenia, in adults with autism 290-1 
schizophrenia (childhood), differential diagnosis 
18-19 

secretin 242-3 

seizure disorders in autism 185-7 see also epilepsy 
selective mutism, differential diagnosis 19 
semantic-pragmatic disorder 6-7, 97 
semantics 130-1 

sensorimotor development 70-3 

sensory déficits see neurological dysfunction 

serotonin 

drugs affecting function 227-35 
hyperserotonemia 195-8 
involvement in autism 195-8 
serotonin synthesis, developmental changes 198 
sertraline 231-2 
Sign language 139, 143, 144 
sign language interventions 97-8 
social behaviors 

evolutionary mechanisms 310-13 
generative complexity 310-11 
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